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LIQUID   HYDROCARBON   PRODUCTION    IN   THE   UNITED   STATES,    1946-75 
AND   1980   PROJECTED,   HIGHLIGHTING   ENHANCED  RECOVERY 

by 

M.  Carrales,  Jr., '  and  Velton  T.  Funk  ^ 


ABSTRACT 

This  Bureau  of  Mines  publication  presents  short-range  projections  of 
domestic  liquid  hydrocarbon  production  through  1980.  Appraisal  of  future 
crude  oil  production  was  made  by  evaluating  the  relationship  between  primary 
and  enhanced  oil  recovery  and  the  total  crude  oil  producing  trends  in  each  of 
the  oil-producing  areas  of  the  United  States.  Future  natural  gas  liquid  pro- 
duction was  generally  estimated  by  projecting  historical  production.   Esti- 
mates of  production  were  prepared  for  each  of  the  oil  producing  areas  and 
summarized  for  the  Petroleum  Administration  for  Defense  (PAD)  districts  and 
total  United  States. 

From  1975  to  1980,  crude  oil  production  for  the  conterminous  United 
States  is  expected  to  decline  from  7.8  to  6.4  million  barrels  of  oil  per  day 
(BOPD),  and  it  is  expected  to  increase  from  8.0  to  8.2  million  BOPD  for  the 
total  United  States.   However,  these  estimates  do  not  include  additional 
production  expected  from  the  Elk  Hills  field  in  California  and  the  Yates 
field  in  Texas.   If  included,  1980  production  for  the  conterminous  United 
States  would  be  6.7  million  BOPD  and  8.4  million  BOPD  for  the  total  United 
States. 

INTRODUCTION 

During  the  past  50  years  the  petroleum  industry  has  greatly  improved 
crude  oil  recovery  technology.   Research  continues  to  improve  primary  and 
secondary  recovery  methods,  as  well  as  to  develop  tertiary  recovery  methods. 
The  research  is  directed  toward  assuring  maximum  utilization  of  domestic  oil 
resources  that  are  the  storehouse  to  which  new  discoveries  will  be  added  and 
from  which  future  crude  oil  production  must  come.  The  rate  at  which  crude  oil 
can  be  withdrawn  from  this  storehouse  is  critical  in  evaluating  requirements 
for  U.S.  energy.   Increasing  oil  imports  and  growth  of  energy  consumption 
along  with  the  prospect  of  future  oil  embargoes  as  experienced  during  the  win- 
ter of  1973-74,  emphasize  the  need  to  evaluate  the  short-range  availability  of 
domestic  crude  oil. 

1  Petroleum  engineer,  Dallas  Field  Office,  Division  of  Petroleum  and  Natural 
Gas,  Dallas,  Tex. 


This  report  presents  an  appraisal  of  domestic  production  for  the  short 
run  to  1980,  and  also  a  historical  review  of  the  relationship  between  primary 
and  enhanced  oil  production.   Appraisal  of  domestic  liquid  hydrocarbon  pro- 
duction is  given  for  this  time  frame  under  an  assumed  set  of  supply  conditions, 
Because  of  the  long  lead  time  required  to  discover  and  develop  new  oil 
reserves,  most  of  the  domestic  oil  production  through  1980  is  expected  to  come 
from  known  resources  using  present-day  technology. 

The  term  "enhanced  oil  recovery"  used  in  this  report  is  in  its  broadest 
sense.   That  is,  it  includes  pressure  maintenance  and  conventional  secondary 
recovery  methods,  and  the  more  exotic  oil  recovery  methods  such  as  thermal, 
carbon  dioxide  flooding,  and  the  chemical  flooding  processes.   The  National 
Petroleum  Council  (NPC),  in  its  recent  report  to  the  Department  of  the 
Interior,  entitled  "Enhanced  Oil  Recovery,"  December  1976,  considers  enhanced 
recovery  in  a  narrower  sense  covering  only  the  more  advanced  processes,  and 
does  not  include  the  conventional  secondary  recovery  methods.   The  Energy 
Research  and  Development  Administration  (ERDA)  and  the  Federal  Energy  Admin- 
istration (FEA)  consider  "enhanced  oil  recovery"  to  include  only  the  advanced 
methods. 

Since  the  mid-1950' s,  enhanced  crude  oil  production  has  contributed  sub- 
stantially to  the  Nation's  total  annual  oil  production.   This  was  brought 
about  by  improved  pressure  maintenance  and  waterflood  technology  necessitated 
by  the  decline  in  domestic  exploration.   With  the  large  backlog  of  potential 
waterflood  and  pressure  maintenance  prospects  available  during  the  early 
1950' s,  the  use  of  enhanced  oil  recovery  technology  increased  rapidly  and  con- 
tinued to  increase  through  the  1970' s.   Eventually,  however,  it  is  inevitable 
that  the  rate  of  growth  in  new  enhanced  recovery  projects  and  resultant  oil 
production  will  decrease  as  the  backlog  of  prospects  declines. 

The  basic  premises  of  this  study  are  that  (1)  development  of  tertiary 
recovery  technology  will  be  successful  technically  and  economically  but  will 
not  contribute  much  to  the  Nation's  oil  production  by  1980  because  of  the  lag 
time  required  between  large-scale  project  initiation  and  the  realization  of 
significant  improvement  in  the  total  output,  and  (2)  there  will  be  no  major 
change  in  Government  policies  and  regulations  that  will  alter  the  economic 
climate  for  the  petroleum  industry  and  result  in  either  a  decrease  or  increase 
of  the  recent  exploration  trends.   The  premises  differ  from  those  used  in 
other  studies  (_5,  7_)^  that  provide  estimates  of  much  higher  oil  production 
during  1980  as  a  result  of  escalating  technology  and  exploration. 

Terminology 

Some  of  the  terms  in  this  report  are  explained  as  follows: 

Condensate  production. --There  are  no  uniform  definitions  of  condensate 
among  the  various  States  production  included  in  this  report.   Therefore,  if  a 
State  reported  production  as  condensate,  this  reported  production  was  used  in 
the  report  as  condensate. 

^Underlined  numbers  in  parentheses  refer  to  items  in  the  list  of  references 
preceding  the  appendix. 


Crude  oil  production. --Crude  oil  production  figures  used  in  this  study , 
are  those  reported  by  the  States  and  do  not  include  lease  condensate  unless  it 
is  included  in  a  State's  total  production. 

Enhanced  oil  production. --Production  from  fields  or  reservoirs  that  are 
undergoing  injection  of  fluid  providing  extraneous  energy  to  the  reservoir. 
Fluid  injection  methods  included  are  pressure  maintenance,  secondary,  thermal, 
and  tertiary  recovery.   For  some  fields,  total  field  production  was  classified 
as  enhanced  oil  although  only  a  small  part  of  the  produced  oil  could  be 
directly  attributed  to  the  enhanced  recovery  process.   This  classification 
tends  to  overemphasize  the  growth  of  enhanced  oil  recovery  in  some  areas,  but 
this  was  done  only  when  total  field  production  was  all  that  was  published. 

Liquid  hydrocarbons . --All  natural  liquid  fossil  fuel  hydrocarbon  regard- 
less of  method  of  production.   Liquid  hydrocarbons  include  crude  oil  and 
natural  gas  liquids. 

Natural  gas  liquid  production. --Production  which  includes  natural  gas- 
oline, liquefied  petroleum  gases  (LPG),  and  condensate.   Those  hydrocarbon 
liquids  recovered  in  connection  with  the  processing  of  natural  gas. 

Pressure  maintenance. - -A  method  of  enhanced  recovery  in  which  a  fluid 
under  pressure  is  injected  into  the  producing  formation  to  maintain  adequate 
reservoir  pressure  or  retard  pressure  decline  to  increase  efficiency  and  recov- 
ery of  crude  oil. 

Primary  oil  production. --Production  obtained  from  reservoirs  due  to 
natural  energy  drive  and/or  artificial  lift  before  any  application  of  enhanced 
recovery  methods. 

Total  wells  drilled. --All  wells  drilled  as  reported  in  the  Forecast 
Review  issue  of  World  Oil  from  1947-75  (except  service  wells). 

Data  Sources  and  Estimating  Methods 

For  consistency,  historical  production  data  were  taken  from  State  regula- 
tory agency  publications  to  the  maximum  extent  possible.   Other  sources  used 
were  the  annual  reports  of  the  American  Petroleum  Institute  (API),  Independent 
Petroleum  Association  of  America,  International  Oil  Scouts  Association,  Conser- 
vation Committee  of  California  Oil  Producers,  National  Stripper  Well  Associa- 
tion, and  Federal  Bureau  of  Mines  Minerals  Yearbook.   In  most  cases,  enhanced 
oil  production  data  were  obtained  from  State  publications  directly,  or  they 
were  developed  from  a  list  of  active  enhanced  recovery  projects.   There  were 
some  exceptions,  such  as  New  York,  Pennsylvania,  West  Virginia,  Kentucky,  and 
Ohio,  for  which  enhanced  oil  recovery  data  are  not  published.   For  these 
States,  it  was  assumed  that  all  enhanced  oil  production  in  each  State  would  be 
classified  as  stripper  production;  therefore,  enhanced  oil  production  data 
were  taken  or  derived  from  enhanced  oil  recovery  information  published  by  the 
National  Stripper  Well  Association.   Enhanced  oil  production  for  Missouri  was 
obtained  verbally  (by  telephone)  from  the  Missouri  Department  of  Natural 
Resources,  Division  of  Research  and  Technical  Information. 


Some  modifications  of  the  published  enhanced  oil  production  data  were 
made  for  this  study.   These  modifications  involved:  (1)  Deletion  of  cycling 
projects  in  Louisiana  and  Texas  to  avoid  including  condensate  or  natural  gas 
liquids  as  crude  oil  production;  (2)  production  from  projects  in  Texas  reported 
as  active,  but  not  yet  started,  was  not  included  in  the  total  enhanced  produc- 
tion; (3)  total  oil  production  from  the  East  Texas  field  was  included  as 
enhanced  oil  production;  and  (4)  total  enhanced  oil  production  for  Louisiana 
for  each  year  after  1970  was  obtained  by  adding  the  State  enhanced  oil  produc- 
tion modified,  as  stated  previously,  to  the  enhanced  oil  production  reported 
by  the  U.S.  Geological  Survey  for  the  federally  controlled  Outer  Continental 
Shelf.   Total  enhanced  production  for  Texas  and  Louisiana  as  used  in  this 
report  will  probably  vary  from  the  State  published  figures  because  of  the 
modifications. 

In  California  most  of  the  enhanced  oil  production  was  developed  from  a 
list  of  active  water  and/or  gas  injection  projects.   The  remainder  was  obtained 
from  the  incremental  oil  production  from  fields  with  thermal  projects  excluding 
production  from  those  fields  listed  in  the  active  water  and/or  gas  injection 
projects. 

General  assumptions  for  this  study  were  made  to  establish  a  base  to  esti- 
mate future  production.  The  three  general  assumptions  were:  (1)  There  would 
be  no  major  changes  in  Government  policy  and  regulation,  (2)  the  economic 
climate  would  remain  about  the  same  with  continuation  of  the  two-tier  price 
system,  and  (3)  the  domestic  demand  for  crude  oil  would  continue  to  exceed  the 
domestic  supply. 

Several  techniques  were  used  in  arriving  at  the  estimates  of  future 
liquid  hydrocarbon  production.   Historical  data  such  as  API  proved  reserves, 
annual  reserve  additions,  API  indicated  additional  oil  reserves,  exploratory 
and  developmental  drilling,  types  and  depths  of  wells  completed,  relationship 
of  primary  and  enhanced  oil  production,  associated-dissolved  and  nonassociated 
natural  gas  production,  and  natural  gas  processing  plant  capacity  were  studied 
for  each  area  to  aid  in  selecting  future  producing  trends.   Based  on  the  activ- 
ities studied,  considerable  engineering  judgment  was  applied  in  estimating  the 
future  production,  especially  where  recent  producing  trends  were  increasing 
and  in  considering  future  production  from  new  discoveries.   In  some  producing 
areas  where  crude  oil  production  had  been  declining  for  a  long  period  of  time 
and  no  new  or  significant  changes  in  activities  had  occurred,  future  produc- 
tion was  estimated  based  on  decline-cuirve  analysis  which  included  the  assump- 
tion that  future  discoveries  would  be  similar  to  the  recent  past.   In  other 
areas,  published  estimates  of  future  production  for  specific  fields  (6^)  were 
used  to  establish  a  portion  of  the  future  production  for  the  area  and  the 
remaining  production  for  the  area  was  estimated  by  decline-curve  analysis, 
assuming  future  discoveries  will  be  similar  to  those  of  the  recent  past.   In 
estimating  future  enhanced  oil  production,  the  relationship  between  primary 
and  enhanced  oil  production  as  well  as  the  API  indicated  additional  oil 
reserves  were  the  main  factors  considered.   Several  articles  (1.-4)  pertaining 
to  production  in  specific  areas  also  proved  helpful  in  preparing  the  estimates. 
It  should  be  noted  that  for  the  States  that  produce  relatively  small  quanti- 
ties of  oil,  an  unanticipated  discovery  could  affect  the  1980  production 
estimate  significantly. 


In  general,  natural  gas  liquids  were  not  treated  in  as  great  detail  as 
crude  oil  in  the  preparation  of  the  estimates.   Basically,  historical  produc- 
ing trends  were  used  in  estimating  natural  gas  liquid  production.  The  produc- 
ing trends  in  either  natural  gas  liquid  production  or  in  crude  oil  plus 
natural  gas  liquid  production  (total  liquid  hydrocarbons)  were  projected. 
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PROJECTION  OF  LIQUID  HYDROCARBON  PRODUCTION 

The  Nation' s  future  supply  of  liquid  hydrocarbons  is  dependent  upon  a 
number  of  known  and  unknown  factors.   The  effect  of  each  cannot  be  evaluated 
in  its  entirety  due  to  interrelation  of  the  various  factors.   However,  esti- 
mates of  future  supply  can  be  made  if  historic  and  current  information  is 
available  and  certain  general  assumptions  are  followed.   The  estimates  pre- 
sented in  this  report  were  made  after  reviewing  such  activities  as  drilling, 
proved  reserves,  and  production  for  each  area  and  establishing  three  general 
assumptions,  namely  that,  (1)  there  would  be  no  major  changes  in  current 
Government  policy  and  regulations,  (2)  the  economic  climate  would  remain  about 
the  same  with  continuation  of  the  two-tiered  price  system  for  crude  oil,  and 
(3)  the  domestic  demand  for  crude  oil  would  continue  to  exceed  domestic  supply. 
The  estimates  of  liquid  hydrocarbon  production  through  1980  were  done  by  State 
and  by  State  subdivisions  for  Louisiana  and  Texas,  and  summarized  by  PAD  dis- 
tricts (fig.  1)  and  the  United  States.   Total,  enhanced,  and  primary  crude  oil 
production  for  1971-75  and  estimates  of  1980  production  are  presented  in 
tables  1,  2,  and  3,  respectively,  by  State  and  State  subdivisions  of  Louisiana 
and  Texas,  and  summarized  by  PAD  districts  and  total  United  States.   It  should 
be  noted  that  the  estimates  presented  in  these  tables  do  not  include  addi- 
tional production  expected  from  Elk  Hills  in  California  (development  of  the 
Naval  Petroleum  Reserve,  200  thousand  barrels  per  day)  and  the  Yates  field  in 
Texas  (50  thousand  barrels  per  day).  However,  an  estimate  of  these  production 
estimates  are  included  in  the  narrative.   It  should  also  be  noted  that  the 
dashed  lines  on  the  graphs  in  this  report  do  not  necessarily  indicate  produc- 
tion during  the  interim. 


'Petroleum  engineer,  Laramie,  Wyo.   (now  retired) 


TABLE  1.  -  Total  crude  oil  production,  in  thousand  barrels 


District  and  State 


PAD  district  I: 

Florida 

New  York 

Pennsylvania.  . 

Virginia 

West  Virginia. 

Total 

PAD  district  II: 

Illinois 

Indiana 

Kansas 

Kentucky . 


Michigan 

Missouri 

Nebraska 

North  Dakota 

Ohio 

Oklahoma 

South  Dakota 

Tennessee 

Total 

PAD  district  III: 

Alabama 

Arkansas 

Louisiana,  total 

Offshore 

Onshore 

Mississippi 

New  Mexico 

Texas,  total 

RRC  1 

RRC  2 

RRC  3 

RRC  4 

RRC  5  and  6 

RRC  7B 

RRC  7C 

RRC  8  and  8A 

RRC  9 

RRC  10 

Total 

PAD  district  IV: 

Colorado 

Montana 

Utah 

Wyoming 

Total 

PAD  district  V  (without  Alaska) 

Arizona , 

California 

Nevada 

Total , 

Total  United  States 

(without  Alaska) 

Alaska , 

Total  United  States , 


Production 


1971 


5,347 
1,126 
3,798 
1 
2,969 


13.241 


39,084 

6,658 

78,532 

10,692 

11,898 

66 

10,062 

21,654 

8,286 

210,372 

230 

398 


397.932 


7,794 

17,371 

832,382 


422,504 

409,878 

63,429 

117,410 

L,  182^371 


21,545 
73,250 

154,690 
67,192 

165,250 
36,530 
35,981 

551,995 
51,302 
24,636 


2.220.757 


27,391 
34,599 
23,630 

148,114 


233,734 


1,236 

358,423 

113 


359.772 


3,225,436 
77.951 


3,303,387 


1972 


16,704 
1,018 
3,441 

2,677 


23.840 


34,874 

6,130 

73,542 

9,702 

12,990 

60 

8,705 

20,624 

9,358 

207,123 

219 

197 


383.524 


9,688 

17,668 

784,701 


410,214 

374,487 

60,493 

110,525 

1,263,412 


23,599 
78,568 

172,143 
58,885 

186,546 
38,000 
35,115 

598,454 
49,231 
22,871 


2.246.487 


32,015 

33,904 

26,570 

140,011 


232.500 


993 

346,792 

100 


347.885. 


3,234,236 
72,770 


3,307,006 


1973 


32,709 
967 

3,282 
(") 

2,385 


39.343 


30,669 

5,312 

66,227 

8,687 

14,530 

60 

7,204 

20,235 

8,796 

189,404 

276 

201 


351.601 


11,106 

17,307 

724,986 


395,466 

329,520 

55,601 

100,986 

,257,057 


20,356 
74,014 

169,636 
50,789 

183,807 
36,257 
33,566 

622,668 
45,560 
20,404 


2.167.043 


36,590 

34,620 

32,544 

141,914 


245,668 


804 

335,741 

96 


336,641 


3,140,296 
72.323 


3,212,619 


1974 


36,360 

914 

4,000 

3 

2,665 


43.942 


27,553 

4,919 

61,692 

7,960 

18,102 

56 

6,611 

19,697 

9,544 

176,716 

406 

769 


334.025 


10,929 

15,784 

641,225 


359,398 

281,827 

50,407 

98,695 

,225,166 


18,321 
68,444 

168,499 
42,629 

174,267 
35,967 
29,181 

626,813 
41,691 
19,354 


2,042.206 


37,508 

34,019 

39,363 

139,997 


250.887 


740 

322,519 

129 


323,388 


2,994,448 
70.639 


3,065,087 


1975* 


41,211 

890 

3,910 

2 

2,479 


48.492 


26,080 

4,638 

59,108 

7,554 

24,413 

57 

6,115 

20,440 

11,704 

163,117 

482 

682 


324.390 


10,132 

15,607 

571,046 


325,787 

245,259 

46,195 

94,740 

,185,683 


17,691 
65,033 

160,991 
35,318 

166,705 
34,806 
28,171 

620,265 
38,373 
18,330 


1,923.403 


37, $28 

32,846 
39,571 

127,241 


237.586 


635 

322,278 

115 


323.028 


2,856,899 
69.772 


2,926,671 


Estimated 
production 


19801 


36,067 

610 

3,237 

(") 

2,313 


42.227 


15,582 

2,985 

46,414 

5,126 

35,232 

54 

4,206 

18,983 

11,941 

143,524 

466 

481 


284,994 


8,125 

14,370 

334,277 


207,924 

126,353 

37,416 

82,920 

1,037,951 


14,956 
57 ,  100 

150,092 
18,085 

142,168 
33,359 
21,855 

560,866 
25,329 

.14,141 


1,515,059 


29,242 

31,027 

31,000 

110,463 


201,732 


353 

299,693 

85 


300.131 


2,344,143 
650.430 


2.994,573 


P Preliminary . 

^Does  not  include  additional  product 
BOPD  from  Elk  Hills  field  in  Call 
^Negligible. 


ion  of  50,000  BOPD  from  Yates  field  in  Texas  and  200,000 
fornia. 


TABLE  2.  -  Crude  oil  production  by  enhanced  recovery  methods,  in  thousand  barrels 


District  and  State 


Production 


1971 


1972 


1973 


Estimated  production 


1974 


1975 


1980 


PAD  district  I: 

Florida 

New  York 

Pennsylvania 

Virginia 

West  Virginia 

Total 

PAD  district  II: 

Illinois 

Indiana 

Kansas 

Kentucky 

Michigan 

Missouri 

Nebraska 

North  Dakota 

Ohio 

Oklahoma 

South  Dakota 

Tennessee 

Total 

PAD  district  III: 

Alabama 

Arkansas 

Louisiana,  total 

Offshore 

Onshore 

Mississippi 

New  Mexico 

Texas,  total 

RRC  1 

RRC  2 

RRC  3 

RRC  4 

RRC  5  and  6 

RRC  7B 

RRC  7C 

RRC  8  and  8A 

RRC  9 

RRC  10 

Total 

PAD  district  IV: 

Colorado 

Montana 

Utah 

Wyoming 

Total 

PAD  district  V  (without  Alaska) 

Arizona 

California 

Nevada 

Total 

Total  United  States 

(without  Alaska) 

Alaska 

Total  United  States 

® Estimate. 


635 

1,042 

1,520 

0 

594 


3.791 


28,012 

3,503 

17,875 

8,916 

3,142 

26 

5,497 

10,178 

120 

105,314 

0 

0 


182,583 


6,736 

5,764 

240,300 


141,192 

99,108 

4,107 

53,806 

67  3,908 


4,342 
11,056 
48,013 
37,109 

123,404 
15,398 
13,273 

382,849 
28,189 
10,275 


579 

865 

i,500 

0 

535 


603 

824 

1,727 

0 

481 


32,135 

762 

1,680 

0 

535 


32,438 

713 

1,788 

0 

509 


3.479 


3.635 


35.112 


35.448 


25,642 

3,086 

17,416 

7,854 

3,139 

24 

4,530 

10,683 

90 

100,182 

0 

0 


21,916 

2,649 

14,713 

7,236 

3,079 

28 

3,113 

10,118 

85 

100,624 

0 

0 


19,424 

2,514 

13,334 

6,885 

3,070 

22 

2,975 

9,848 

87 

96,046 

0 

0 


18,870 

2,335 

12,432 

6,581 

3,061 

17 

2,661 

10,220 

77 

88,469 

0 

0 


17  2.646 


163.561 


154.205 


144.723 


6,447 

5,121 

220,487 


5,710 

4,516 

187,053 


7,166 

5,353 

154,979 


6,391 

4,330 

127,965 


127,255 

93,232 

6,336 

49,117 

728,070 


112,080 

74,973 

9,275 

49,698 

753,171 


95,895 

59,084 

8,632 

59,737 

•740,582 


81,409 
46,556 
10,471 
56,646 
720^305 


984.621 


10,812 
11,707 
51,283 
29,346 

136,617 

17,294 

9,254 

425,954 
27,014 
8,789 


1.015.578 


15,294 

27,740 

17,297 

104,517 


19,086 
27,170 
16,701 
99,044 


164.848 


162.001 


210,216 
0 


0 

207,817 

0 


210.216 


207,817 


1,546,059   1,561,521 
67.117  I        66.569 


1,613.176  11,628,090 


8,712 

14,108 

52,544 

25,295 

134,228 

16,661 

8,822 

458,140 

27,199 

7,462 


1.009,423 


"7,098 

n3,788 

^51,677 

"=20,120 

^127,089 

n7,oio 

"8,260 

-464,149 

"24,560 

'6,831 


976^449 


6,599 

13,497 

50,755 

15,050 

121,253 

16,425 

7,696 

460,186 

22,696 

6,148 


926,108 


23,804 

28,340 

14,161 

103,484 


25,187 

28,497 

14,318 

100,991 


169,789 


168.993 


0 

206,524 

0 


0 

204,880 

0 


206.524 


204,880 


1,552,932 
66.429 


1,539,639 
67.269 


1,619,361 


1,606,908 


25,790 
28,109 
13,477 
95,989 


163,365 


0 

207,288 

0 


207.288 


1,476,932 
66.967 


1,543,899 


26,501 

536 

2,198 

0 

463 


29.698 


11,224 

1,707 

10,208 

4,613 

3,043 

11 

1,697 

9,662 

65 

82,963 

0 

0 


125.193 


4,498 

3,304 

52,708 


37,619 
15,089 
17,239 
56,752 
620,726 


4,687 
12,385 
46,358 

6,087 
99,392 
17,257 

5,404 

410,185 

15,267 

3,704 


7  55.227 


18,476 
27,674 
11,622 
89,391 


147.163 


0 

200,562 

0 


200,562 


1,257,843 
649.505 


1,907,348 


TABLE  3.  -  Crude  oil  production  by  primary  methods,  in  thousand  barrels 


District  and  State 


Production 


1971 


1972 


1973 


1974 


Estimated  production 


1975 


1980^ 


PAD  district  I: 

Florida 

New  York 

Pennsylvania 

Virginia 

West  Virginia 

Total 

PAD  district  II: 

Illinois 

Indiana 

Kansas 

Kentucky , 

Michigan 

Missouri 

Nebraska 

North  Dakota 

Ohio 

Oklahoma 

South  Dakota 

Tennessee 

Total 

PAD  district  III: 

Alabama 

Arkansas 

Louisiana,  total 

Offshore 

Onshore 

Mississippi 

New  Mexico 

Texas,  total 

RRC  1 

RRC  2 

RRC  3 

RRC  4 

RRC  5  and  6 

RRC  7B 

RRC  7C 

RRC  8  and  8A 

RRC  9 

RRC  10 

Total 

PAD  district  IV: 

Colorado 

Montana 

Utah 

Wyoming 

Total 

PAD  district  V  (without  Alaska): 

Arizona 

California 

Nevada , 

Total 

Total  United  States 

(without  Alaska) 

Alaska 

Total  United    States 


4,712 

84 

2,278 

1 

2,375 


16,125 

153 

1,941 

2,142 


32,106 

143 

1,555 

e) 

1,904 


4,225 

152 

2,320 

3 

2,130 


8,773 

177 

2,122 

2 

1,970 


9.450 


20,361 


35.708 


8.830 


13.044 


11,072 

3,155 

60,657 

1,776 

8,756 

40 

4,565 

11,476 

8,166 

105,058 

230 

398 


9,232 

3,044 

56,126 

1,848 

9,851 

36 

4,175 

9,941 

9,268 

106,941 

219 

197 


8,753 

2,663 

51,514 

1,451 

11,451 

32 

4,091 

10,117 

8,711 

88,780 

276 

201 


8,129 

2,405 

48,358 

1,075 

15,032 

34 

3,636 

9,849 

9,457 

80,670 

406 

769 


7,210 

2,303. 

46,676 

973 

21,352 

40 

3,454 

10,220 

11,627 

74,648 

482 

682 


215.349 


210,878 


188.040 


179.820 


179.667 


1,058 

11,607 

592,082 


3,241 

12,547 

564,214 


5,396 

12,791 

537.933 


3,763 

10,431 

486,246 


3,741 

11,277 

443,081 


281,312 

310,770 

59,322 

63,604 

508,463 


282,959 

281,255 

54,157 

61,408 

535,342 


283,386 

254,547 

46,326 

51,288 

503_,886 


263,503 

222,743 

41,775 

38,958 

^484,584 


244,378 

198,703 

35,724 

38,094 

465,378 


17,203 
62,194 

106,677 
30,083 
41,846 
21,132 
22,708 

169,146 
23,113 
14,361 


12,787 
66,861 

120,860 
29,539 
49,929 
20,706 
25,861 

172,500 
22,217 
14,082 


11,644 
59,906 

117,092 
25,494 
49,579 
19,596 
24,744 

164,528 
18,361 
12,942 


m,223 
'54,656 

'116,822 
'22,509 
'47,178 
'18,957 
'20,921 

-162,664 
'17,131 
'12,523 


11,092 
51,536 

110,236 
20,268 
45,452 
18,381 
20,475 

160,079 
15,677 
12,182 


1.236.136 


1.230.909 


1.157  .,620 


l.,Q65.757 


997.295 


12,097 
6,859 
6,333 

43,597 


12,929 
6,734 
9,869 

40.967 


12,786 

6,280 

18,383 

38,430 


12,321 

5,522 

25,045 

39,006 


68,886 


70.499 


75.879 


81.894 


12,138 

4,737 

26,094 

31,252 


74.221 


1,236 

148,207 

113 


993 

138,975 

100 


804 

129,217 

96 


740 

117,639 

129 


635 

114,990 

115 


149.556 


140.068 


130.117 


118.508 


115.740 


9,566 

74 

1,039 

C) 

1,850 


12.529 


4,358 

1,278 

36,206 

513 

32,189 

43 

2,509 

9,321 

11,876 

60,561 

466 

481 


159.801 


3,627 

11,066 

281.569 


170,305 

111,264 

20,177 

26,168 

417,225 


10,269 
44,715 

103,734 
11,998 
42,776 
16,102 
16,451 

150,681 
10,062 
10,437 


'759.832 


10,766 

3,353 

19,378 

21,072 


54.569 


353 

99,131 
85 


99.569 


1,679,377 
10.834 


1,672,715 
6.201 


1,587,364 
^.894 


1,454,809 
3.370 


1,379,967 
2.805 


1,086,300 
925 


1,690,211 


1,678,916  11,593,258 


1,458,1791  1,382,772  "  1,087,225 


e Estimate. 

■'■Does  not    include   additional   product 
BOPD   from  Elk  Hills   field   in  Cali 
^Negligible. 


ion  of  50,000   BOPD    from  Yates   field   in  Texas   and   200,000 
fornia. 


PAD     DISTRICTS 


miles 

V////A  Oil  producing  states,  1975 
FIGURE  1.  -  Petroleum  Administration  for  Defense  (PAD)  districts. 

United  States 


M0S9. 


Total  Wells  Drilled 

As  the  Nation's  economic  situation  improved  following  World  War  11,  and 
manpower  and  equipment  became  available,  the  petroleum  industry  intensified 
its  drilling  effort.  As  a  result,  the  petroleum  industry  increased  the  total 
number  of  wells  drilled  steadily  after  1946,  and  by  1956  doubled  those  drilled 
in  1946.  Following  a  peak  of  57,628  in  1956,  total  wells  drilled  gradually 
declined  to  a  25-year  low  of  25,357  in  1971  before  resuming  an  upward  trend. 
The  15-year  decline  in  drilling,  starting  in  1956,  was  brought  about  by  the 
combined  effects  of  several  factors,  among  which  were  the  reduction  in  the 
number  of  promising  geological  prospects  for  exploration,  geological  prospects 
in  deeper  formations,  drilling  in  remote  locations  under  adverse  environmental 
conditions,  the  changing  price-to-cost  relationship,  increased  enhanced  recov- 
ery operations,  and  governmental  regulations  and  policy.   The  reversal  in 
drilling  activity  after  1973  took  place  at  a  time  when  the  price  paid  for 
crude  doubled  and  the  gas  price  of  natural  gas  sold  intrastate  increased  to 
more  than  $1.00  per  thousand  cubic  feet  (Mcf)  in  some  areas.   Of  significance 
is  whether  this  upward  trend  in  total  wells  drilled  stimulated  by  increased 
prices  can  continue  after  total  wells  drilled  reached  37,266  in  1975. 
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Proved  Oil  Reserve 

Historically,  proved  oil  reserve  increased  from  20.87  billion  barrels  at 
yearend  1946  to  31.72  billion  barrels  at  yearend  1959.   This  steady  increase 
in  reserve  can  be  attributed  mainly  to  the  large  increase  in  drilling  during 
the  1946-56  period  and  to  the  rapid  expansion  of  enhanced  oil  recovery  proj^ 
ects.   After  1959,  proved  oil  reserve  was  maintained  relatively  constant 
between  30  and  32  billion  barrels  through  1968.  Following  a  drop  to  29.63  bil- 
lion barrels  of  oil  at  yearend  1969,  proved  oil  reserve  increased  substan- 
tially to  39.00  billion  barrels  at  yearend  1970  with  the  discovery  of  the 
Prudhoe  Bay  field  reserves  in  Alaska  .  However,  proved  oil  reserve  in  the 
United  States  declined  steadily  after  1970  to  32.68  billion  barrels  at  yearend 
1975,  despite  an  upsurge  in  drilling  activity  after  1973. 

For  comparison  purposes,  annual  production  is  expressed  as  a  percent  of 
proved  reserve  at  the  beginning  of  the  year  as  shown  in  table  A-2  in  the 
appendix.   This  percentage  gives  an  indication  of  how  fast  the  available 
reserves  are  being  depleted.  As  shown  in  table  A-2,  from  1946  through  1965 
the  percentage  of  reserve  being  produced  remained  fairly  constant  in  the  con- 
terminous United  States.   After  1965,  the  percentage  of  reserves  being  pro- 
duced increased  from  8.7  percent  in  1965  to  11.7  percent  in  1975. 

Relationship  Between  Primary  and  Enhanced  Oil  Production 

The  historical,  present,  and  estimated  future  relationship  between  pri- 
mary and  enhanced  oil  production  in  PAD  districts  I-IV,  PAD  district  V  without 
Alaska,  Alaska,  and  the  United  States  with  and  without  Alaska  is  shown  in 
table  4.   It  is  evident  from  the  tabular  data  in  table  4  that,  historically, 
enhanced  oil  production  has  accounted  for  a  substantial  share  of  the  total 
crude  oil  production  in  most  of  the  producing  areas  shown.   Only  in  PAD  dis- 
tricts I  and  II  are  the  enhanced  oil  production  percentages  expected  to 
decrease  between  1975  and  1980.   This  expected  decrease  will  be  due  mainly  to 
the  addition  of  primary  oil  production  from  recent  oil  discoveries.   For  the 
remaining  districts  III  through  V  (without  Alaska)  increases  in  enhanced  .oil 
production  as  a  percent  of  total  crude  oil  production  are  expected  to  follow 
the  general  trend  in  growth  rates  through  1980.   In  Alaska,  enhanced  oil 
production  as  a  percent  of  total  crude  oil  production  is  expected  to  increase 
to  almost  100  percent  because  future  production  from  the  Prudhoe  Bay  field 
will  be  classified  as  being  produced  using  enhanced  recovery  methods.   For 
the  United  States,  enhanced  oil  production  surpassed  primary  oil  production 
in  1973,  and  it  is  estimated  to  increase  to  about  64  percent  by  1980. 


11 


13 

O 
0 
CO 

w 


cfl 
m 


o 


t 

U 


4J    JJ  to 

O     3  ^ 

•U     O  (0 

J3  CO 

M    -rl  < 


•u 

O  4J 

•rl  3 

H  O      CO 

■u  ^  ^ 

CO  JJ    tn 

P-i 


CO 


W 


I 

•rl 


> 


■U 
Q    O 


T3 
Q) 
O 

c 

CO 

c 

w 


•rl     V< 
}-l     CO 


Q 
P-I 


4J 
O 
•rl 
U 
4J 
CO 
•rl 


T3 
CJ 
CO 

w 


M 

4J 

I    O 

I  •H 

I    U 

+J 

CO 

•rl 


CU 

o 

d 

CO 

c 
w 


I 

•rl 

u 


CO 
•rl 


O 

d 

CO 


W 


CO 
CU 


cM(^^r-^oo<3^coc»^Oln'^cx>ocM^i3<l•<^a^r^o<J•MDc»c^^r-lc»c^^<f<t•oot^ 

<J■<J•<^■L^vo^ovo^^ooooco<J■^»a^r^co^^cJ^cMc^^ol^^oooo(3^0(^^c^Jco 
r^l-^r^r^r^r^r-lr^c^I<N(Nc^lc^J(Nc^lcslc^ro^Oco<^<t•<t<t■<l•<|■<^lnlnu-lvD 


ooc»c3^(^Jr-^r^l^g■<^OLO<J•cMOC!0<)■vovO'-^cJ^ovo<^cMc»o^(Noo^'-D<^^c^ 


^nlnL^>;l■fOc^foc^loa^(J^a^l^LocMOoovocMr^^^r^^OfOt-^r-loc3^r~r--vx) 
oocx)ooc»(X)oocx)oo(»I^^^^^I^r^r^r^vo^ovo'^l^)LOlnL^L^LnL^)<^<^<t•cn 


I^CJ^a^l^)C3^^C3^<)■r-lLOCJ^C^^OO^ 


O   O  O   O   O 


cslOO'-^<^o<^O'^r-lr-^L0vDCJ^ 


OOOOO     ^Or^t-l     inrH<tr-lv£>CTlLnrM00O'-l 


I     I     I     I     I 


I    00000^»0^<3^<X)Lr)<J^u-l<J^(r)t»00■<^<i- 

00000<N(NO-lr-lir)I^CMr-lr-) 


c^^cNr^ooo^r^oovDOm^O(»0(NvD<l■l^)ooocJSc^^^nu->(:oo^fOLn<^^^l^ 


<|-<f<l-in^vx)vor^ooooro<tr^tTir-icnr^oocsifM<fLnr^r^oocTii-ir-ico 
r^r^r^r^r^r^r^r-^c^lc^lc^lc^^l^Jc^^c^lc^lcoc»^c^^n<t■<l•<^<^<t■<J•■^<^u^LnLrl 


oococr»cMr-ih»cM-^oin<fcMOoo<j-voin<NOr-ioo<fr^Lnr^r-ir^iri\ororo 


L^L^L^<l■c^cnf^c•JOC^o^<7lI^ln(NOC50vDlr)'--|^^^^Ln<t■c^lc^lr^oc30ooMD 
(»c»oooocx3ooooc»coi^r^r^r-^r>.i^r^vDvoo^inLriu-)ininininin<|-<|-<)- 


r^voc-jrHr^voooooo>.DvoLOir>ooi^cMLnfor^vofor^oovD<t-r-~cO'4-cMoo 


ooo^^cnf^c<^<|■ooc^^c<^<t<l■c^oOr-^vocDOr^Or-^vo<3^t^cx)c3^r-^c^<l•^ 
r-^I— i.-ir-icvic^ievioJcnoocnfncnoo<l--d-inininvo^v£ivO'^vDLr)invovovo^ 


n<too(Tico<l-0(NcM<i-»d-ioincMnooLnt^co<i-i^cnoo<t-^fOt*»vooocM 


<7^o^<3^c^J^>x>^>■tno^o^^^^mL^^~t-loo^or-looo^oo<^r^cMr-looovOLon 
ooc30oooor~~t^r^r^^ovovDv£)vovoLnin-<t'<f<fforocnfOfOoo<t'<l-oorocoro 


r-lvOr^L^cor-^c<^o<3^c^^vo^r^<tr^^^<t•o•<t•c^^vo<l■r^ooc^^LnI^r^<|-oocJ^ 


<^r^r^c^J<l-<t■L^l0^^^^oooor^<3^fooo^-^coooo^Lnolno^Lnocr^c^^^-«oo(N 

r-lr-^r^r^r^I-^r^r^r-^r^r^r^r^r-^C^^C^lC0C0L^L0VDr^^0L^^^^~\£)VOl,0^^~ 


0^<t0^lrlCMC3^^~Ot-loo•4•<^f<^vocofOvOOvoc»<|■voo^cMOOL^coc^|^CMr^ 


lOcx)(X)^~LOl^)>ct•L^cM<Nr-lr^cMO^r^oor^r^o<^o^<t•0<J■<3^00^gr-^I^ 
ooc»<»oooooooocx)c»cxDoooooocx3r^r^^vo<t--<t-fOcsiro<t-csicMcoir)ooco<M 


o^c»cslr-l^~voo^vo<^L^I^cooo<^CJ^oJcMfO<^^^u^<t•cNc^^oo^oc^lvDoor-^c» 


vovo^r-»vou-)u-ivor^r^vovDooocvifoirir^oooinu-)r^cj>o<t-LovDr^c»(T. 

r-^^-^r^r-^t-^r^r-^r-^r-lr^r^r-^r^CMCMCMCMCMCs|rOC»^0^C<^CO-^Vt<l•<t•<l■<^<^ 


r^cMoo(3^^o<^r-l<l■vDLocor^cMvor^oocx>^^vocnu-)vooooocMr^oo<t■cMC3^(N 


cncococsiro»d-<froiNcscnoor-i(Tir>vo<fcsir-i(Ti<t-<l'i>JO<T>Ln<J-roc\ir-io 
oooooocx)ooooooooc»c»coooc»i^i^r~r^r>.r^v£)vo<D',Dkoinu-iLnLnij-)LnLn 


C5^cMooc^^<t•ex3ln^co<i•r^Lnooor-^<t■cM>•coo^r-lI-lr-loc7^cT^OLnl^J^cJ^ 


LO^^^ooooc3^r^c^JI^r^colAcx)Oo^voooOr^r^c<^vd•vDl^^LOL^^'.D<^ro 
^-^^-1r-lcM(N(Nc^^cof^(nfn<t"<d•<|•<^<t<t•<t■<t■<^<^<i■<|•-^<^■ 


r^oocMoovocMl^<tI^^o^L^l^^Oc3^^oc»^or^r-^o^(3^o^Or^r-lOLnoo<)•r-^ 


■<tfocMi-ir-ioc»r^cMoovO'<frHOvO(r)rH<TioooovOLnroron<j-ir)roroinvo 
o^o^<TlCT^c3^o^coco(X5l^r~«^^I^I^vDvovOlnlOlJ^lJ^L^)L^L^lOL^ll^lJ^lJ^L^LO 


vOfOu-)<J•<^for^<J-coL^c3^r-^voo^(^^ln^n<^o^•<t••<^c^o^ot^^ovoc^la^r-lf>^ 


O^CJ^OO^OOc3^r-loc3^CJ^c»r^Or-^r^l^'^oo<^^lcoOC^^O^C!0<t•(3^o^coo 
r^r^cx3r-~oooor^cx)oor^i^r->i^r-i^voiriu~iiriin<fLninin~d-cMrH       i>^r^i>^ 


I     >-•<t■^^L^vDvor^^o>^^^lOr-^c3^<t■r-l(x^u-)lnvOr^l,ovol^r-^on<l•<t■c»r-^cJ^t^ 

•rIM 

OO<3^OO^O^OC00^OOr-lcx^CTl0000<t■c^r-^I>.v£)0^^^O^0r^l^OOvOC3^ 

C^IC^lr^C^^r^r^(^gr^r^CNC^^C^JC^IC^lf^lC<^<^<t•<t•<t■LO<l■<t•L^Lnr~^CX)(3^C^lC^l<^l 


vo^~c»cJ^Or^<^^o^<l■lr)^^^oo<3^0t--lcsIc^<tL^>£'^~ooc7^0r-^c^^cn<J•^nO 
<f<t<f<fiAiniAinLOLn'J^LOLOLo^vD^D^'.o>^vo',ovo>£>r^i^r^^>r^r-»oo 
O^O^0^(3^0^O^O^o^O^c3^O^<3^CJ^0^<7^a^O^CJ^C3^CT^<J^(7^C3^(3^0^O^O^O^eJ^0^e3^ 

r^r-^r-^r-lr-lr^r^r^r^r^r^r^r-^r^r^r^r^r^r^r^r^r-^r^r^r^r-lr^tHr^r^r^ 


CO 
CO 

CU 
H 

d 

•H 
<f 


t-i   o 

O   M-l 


d  o 

O  -H 

•rl  4J 

4J  O 

O  3 

3  T) 

T3  O 


Xl     Q) 

(U    o 


U      ' 

a,  d 
o 

r-l  •H 
•rl  +J 
O     O 

3 


CO 

d  d 

O  •H 
•r4 

■u  -n 

•rl  rH 


CO    X    'd 


CU 
•rl 
CO    4-1 


O 

d   B 
o 

CO     S-l 
CU   M-l 
O 
Q 


CO     CO 
(U     OJ     01 

CO  eg  H 
B  e  o 

•rl  •rl  M 

4J  4J  "4-1 

CO  CO 

01  OJ  T) 
CU 

CO  CO  -U 

0)  CU  CO 

T3    TS    r-l 

3    3    3 

r-l  r-l  O 
O  O  r-l 
d      d      CO 

MHO 

C\!     CO      ■* 


12 


Primary  Oil  Production 

As  shown  in  figure  2,  primary  oil  production  for  the  conterminous  United 
States  increased  from  1.49  billion  barrels  in  1946  to  a  peak  of  2.03  billion 
barrels  in  1956.  During  this  period  drilling  also  had  a  tremendous  growth 
which  resulted  in  a  significant  gain  in  excess  producing  capacity.   Other 
factors  contributing  to  producing  capacity  were  proration  practices;  steady 
increase  in  imports;  improved  technology  in  finding,  developing,  and  producing 
oil;  and  substantial  reserve  additions.  After  1956,  primary  oil  production 
generally  declined  except  for  a  minor  rise  in  1967  .  This  decline  in  primary 
oil  production  includes  the  loss  in  production  due  to  the  reclassification  of 
primary  oil  production  into  enhanced  oil  production  where  new  enhanced  recov- 
ery projects  were  initiated.   The  minor  rise  in  1967  was  caused  by  an  increase 
in  primary  oil  production  in  PAD  district  III.   It  is  estimated  that  primary 
oil  production  will  decline  from  1.38  billion  barrels  in  1975  to  1.09  billion 
barrels  in  1980. 

Enhanced  Oil  Production 

Enhanced  oil  production  for  the  conterminous  United  States  was  about 
246.4  million  barrels  in  1946,  about  14.2  percent  of  the  total  oil  production. 
Following  World  War  II  many  enhanced  recovery  projects  became  feasible  as  the 
economic  situation  improved.   By  1956  enhanced  oil  production  reached  528.0 
million  barrels,  about  20.6  percent  of  the  total  crude  oil  production.  The 
industry  shifted  emphasis  in  investment  after  1956  from  the  high-risk  explora- 
tory ventures  to  improved  recovery  from  known  sources  as  evidenced  by  the 
decline  in  drilling  and  the  sharp  increase  in  enhanced  oil  production.  An 
additional  incentive  toward  increased  enhanced  oil  production  was  less  restric- 
tion by  proration  on  secondary  recovery,  thus  enabling  enhanced  oil  production 
to  increase  considerably.   Enhanced  oil  production  peaked  at  1.56  billion  bar- 
rels, or  48.3  percent  of  the  total  crude  oil  production  in  1972,  and  has  since 
declined.   Enhanced  oil  production  is  expected  to  decline  from  1.48  billion 
barrels  in  1975  to  1.26  billion  barrels  in  1980. 

Total  Crude  Oil  Production 

Total  crude  oil  production  for  the  conterminous  United  States  increased 
from  1.74  billion  barrels  in  1946  to  a  peak  of  3.26  billion  barrels  in  1970. 
Primary  oil  production  accounted  for  most  of  the  increase  in  total  crude  oil 
production  from  1946  through  the  midfifties,  but  thereafter  enhanced  recov- 
ery was  the  dominant  method.   The  high  growth  in  total  crude  oil  production 
during  the  sixties  virtually  eliminated  the  excess  producing  capacity  devel- 
oped after  World  War  II.   Despite  increased  production  in  some  areas,  a  direct 
result  of  the  recent  upsurge  in  drilling  activity,  total  crude  oil  production 
declined  after  1970  for  the  conterminous  United  States  to  2.86  billion  barrels 
in  1975.  The  decline  established  after  1970  is  expected  to  continue  through 
1980  to  an  estimated  2.34  billion  barrels  of  crude  oil.   Including  Alaska  in 
the  projection,  the  United  States  production  in  1980  is  expected  to  be  2.99 
billion  barrels,  slightly  greater  than  the  1975  level.   This  projection 
assumes  production  from  the  Prudhoe  Bay  field  in  Alaska  at  the  projected  rate 
of  1.6  million  BOPD  in  1980.   This  projection  does  not  include  additional 
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production  expected  from  the  Elk  Hills  field  in  California  (development  of  the 
Naval  Petroleum  Reserve  following  Congressional  approval)  and  the  Yates  field 
in  Texas  (increased  maximum  efficient  rate,  MER) .   These  developments  occurred 
after  estimates  were  completed.   However,  if  included,  crude  oil  production  in 
1980  would  be  2.44  billion  barrels  for  the  conterminous  United  States  and 
3.09  billion  barrels  for  the  total  United  States. 

Natural  Gas  Liquid  Production 

Natural  gas  liquid  production  in  the  conterminous  United  States  increased 
steadily  from  134.2  million  barrels  in  1946  to  a  high  of  751.1  million  barrels 
in  1972.   Since  then,  natural  gas  liquid  production  declined  to  an  estimated 
690.3  million  barrels  in  1975.   In  view  of  the  fact  that  natural  gas  produc- 
tion has  been  declining,  natural  gas  liquid  production  is  estimated  to  decline 
to  557.7  million  barrels  in  1980.  Including  Alaska,  1980  production  is  esti- 
mated at  558.4  million  barrels,  down  from  an  estimated  691.1  million  barrels 
in  1975. 

Total  Liquid  Hydrocarbon  Production 

In  1946  total  liquid  hydrocarbon  production  in  the  conterminous  United 
States  was  1.87  billion  barrels  of  which  crude  oil  was  92.8  percent  (fig.  2). 
Thereafter,  total  liquid  hydrocarbon  production  increased  to  a  high  of  3.99 
billion  barrels  in  1970.   Crude  oil's  share  then  was  reduced  to  81.6  percent 
of  the  total  liquid  hydrocarbon  productioni   Total  liquid  hydrocarbon  produc- 
tion declined  after  1970  and  was  down  to  3.55  billion  barrels  in  1975.   Crude 
oil  production  accounted  for  80.5  percent  of  the  total  liquid  hydrocarbons  in 
1975.   It  is  estimated  that  total  liquid  hydrocarbon  production  will  drop  to 
2.90  billion  barrels  in  1980.   Including  Alaska,  the  United  States  total 
liquid  hydrocarbon  production  is  estimated  at  3.62  billion  barrels  in  1975  and 
3.55  billion  barrels  in  1980.   With  inclusion  of  additional  production  expected 
from  the  Elk  Hills  field  in  California  and  the  Yates  field  in  Texas,  total 
liquid  hydrocarbon  production  in  1980  is  estimated  at  2.99  billion  barrels  for 
the  conterminous  United  States  and  3.64  billion  barrels  for  the  total  United 
States. 

The  historical  and  estimated  liquid  hydrocarbon  production  shown  in 
figure  2  was  derived  by  summation  of  data  for  the  five  PAD  districts  without 
Alaska  and  is  influenced  by  production  in  PAD  district  III  to  such  an  extent 
that  the  other  districts  are  hidden.   Therefore,  to  help  in  understanding  the 
petroleum  producing  situation  in  each  major  producing  area,  the  historical 
(1946-75)  and  1980  estimated  liquid  hydrocarbon  production  is  presented  by  PAD 
district  with  Alaska  presented  separately.   Data  for  each  PAD  district  were 
derived  by  summation  of  each  State's  data  which  is  presented  in  the  appendix 
for  those  who  may  by  interested  in  specific  States.   A  discussion  of  each  PAD 
district  and  Alaska  follows. 

PAD. District  I 

PAD  district  I  ranked  last  among  the  five  districts  in  crude  oil  produc- 
tion during  1975  with  48.5  million  barrels,  or  about  1.7  percent  of  the  total 
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crude  oil  produced  in  the  conterminous  United  States.   Historically,  Penn- 
sylvania had  been  the  leading  oil-producing  State  in  this  district  until  1971 
when  Florida  surpassed  it  following  the  discovery  of  the  Jay  field.   In  1975 
Florida  accounted  for  85.0  percent  of  the  district's  oil  production  compared 
with  Pennsylvania's  8.1  percent.   The  remaining  States  and  percentages  of  1975 
production  were  as  follows:   New  York  (1.8  percent),  Virginia  (less  than  0.1 
percent),  and  West  Virginia  (5.1  percent).   As  noted,  Virginia  contributed  the 
least  amount  of  production  in  this  district,  and  future  production  through 
1980  was  considered  negligible. 

Total  Wells  Drilled 

Total  wells  drilled  in  PAD  district  I  declined  from  4,293  during  1946  to 
a  low  of  1,521  total  wells  in  1954.   Oil  well  drilling  dominated  during  this 
period  as  there  were  about  twice  as  many  oil  wells  drilled  as  there  were  gas 
wells.  After  1954,  total  wells  drilled  remained  at  a  low  level  through  1973, 
except  for  a  period  of  increased  drilling  of  2,612  wells  in  1964  and  2,744 
wells  in  1965,  mainly  as  a  result  of  increased  activity  in  deep  gas  drilling. 
After  a  general  decline  from  1965,  total  wells  drilled  increased  to  2,375  in 
1974  and  to  2,403  in  1975.  Florida  contributed  little  to  total  drilling 
effort  in  this  district  during  1946-70.   However,  drilling  increased  in 
Florida  after  1970  with  development  of  the  Jay  and  Blackjack,  Creek  fields. 

Proved  Oil  Reserve 

The  API  proved  reserve  in  this  disctict  at  yearend  1946  was  209.4  million 
barrels.   Proved  reserve  was  up  as  high  as  228.9  million  barrels  at  yearend 
1956  but  declined  thereafter  to  a  low  of  129.3  million  barrels  at  yearend  1969. 
With  new  oil  discoveries  in  the  Florida  Panhandle,  reserves  increased  to  a 
high  of  396.2  million  barrels  by  yearend  1974  but  dropped  to  352.0  million 
barrels  by  yearend  1975. 

Primary  Oil  Production 

Primary  oil  production  declined  from  4.2  million  barrels  in  1946  to  3.0 
million  barrels  in  1960  (fig.  3).   However,  by  1970,  primary  oil  production 
had  doubled  from  that  of  1960  and  increased  to  35.7  million  barrels  in  1973 
mainly  as  a  result  of  development  of  the  Jay  field  in  Florida.   In  March  1974, 
pressure  maintenance  was  initiated  in  the  Jay  field;  thus,  its  production  was 
classified  as  enhanced  in  1974  and  that  caused  the  steep  drop  in  primary  pro- 
duction that  year.   Primary  oil  production  increased  to  13.0  million  barrels 
in  1975  and  is  estimated  to  be  12.5  million  barrels  in  1980. 

Enhanced  Oil  Production 

Enhanced  recovery  has  been  an  effective  method  of  production  in  this 
district.  In  1946  enhanced  oil  production  was  about  79.6  percent  of  total  oil 
production  (table  4) .   This  level  was  maintained  through  the  late  fifties  but 
declined  to  about  9.2  percent  in  1973.   With  the  initiation  of  pressure  main- 
tenance in  the  Jay  field  of  Florida,  the  percentage  of  total  crude  oil 
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production  from  enhanced  oil  was  up  to  79.9  percent  in  1974.   Enhanced  oil  pro- 
duction is  expected  to  be  about  30  million  barrels  in  1980,  or  about  70  per- 
cent of  total  oil  production. 

Total  Crude  Oil  Production 

As  shown  on  figure  3,  enhanced  oil  production  dominated  crude  oil  produc- 
tion through  1965.  After  1965  a  balance  between  primary  and  enhanced  oil  pro- 
duction was  maintained  through  the  late  sixties,  but  thereafter,  with  discovery 
of  the  Jay  field  in  Florida,  primary  oil  production  increased  dramatically. 
In  1974  pressure  maintenance  was  begun  in  the  Jay  field;  therefore,  enhanced 
recovery  once  again  dominated  total  crude  oil  production.  Total  crude  oil  is 
expected  to  increase  after  1975  and  then  decline  to  about  42  million  barrels 
in  1980. 

Natural  Gas  Liquid  Production 

Production  of  natural  gas  liquids  in  this  district  has  been  somewhat 
erratic  during  the  1946-75  period,  increasing  noticeably  in  the  early  fifties 
and  then  again  in  the  early  sixties.   Peak  production  of  8.1  million  barrels 
was  attained  in  1963  and  has  generally  declined  since  then.   It  was  estimated 
that  production  would  drop  from  5.5  million  barrels  in  1975  to  5  million  bar- 
rels in  1980. 

Total  Liquid  Hydrocarbon  Production 

As  shown  on  figure  3,  since  1946  total  liquid  hydrocarbon  production 
generally  followed  the  trend  in  crude  oil  production  except  during  the  early 
fifties  and  early  sixties  when  increases  in  natural  gas  liquid  production 
occurred.   In  1946  total  liquid  hydrocarbon  production  was  23.3  million  bar- 
rels, of  which  88.7  percent  was  crude  oil.   In  1951  and  1963  when  the  large 
increases  in  natural  gas  liquid  production  occurred,  the  percentage  of  total 
liquid  hydrocarbon  production  from  crude  oil  was  down  to  75.1  and  56.5  per- 
cent, respectively.   Thereafter,  crude  oil's  share  of  total  liquid  hydrocarbon 
production  increased  to  89.8  percent  in  1975.  Total  liquid  hydrocarbon  pro- 
duction is  estimated  to  decline  from  54.0  million  barrels  in  1975  to  48  mil- 
lion barrels  in  1980. 

PAD  District  II 

PAD  district  II  produced  324.4  million  barrels  of  oil  during  1975,  or 
about  11.4  percent  of  the  total  for  the  conterminous  United  States.   The  oil- 
producing  States  in  this  district  in  descending  order  of  production  during 
1975  and  the  corresponding  percentages  of  total  district  production  are  as 
follows:   Oklahoma  (50.3  percent),  Kansas  (18.2  percent),  Illinois  (8.1  per- 
cent), Michigan  (7.5  percent).  North  Dakota  (6.3  percent),  Ohio  (3.6  percent), 
Kentucky  (2.3  percent),  Nebraska  (1.9  percent),  Indiana  (1.4  percent), 
Tennessee  (0.2  percent).   South  Dakota  (0.2  percent),  and  Missouri  (less  than 
0. 1  percent) . 
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Total  Wells  Drilled 

From  1946  to  1955  total  wells  drilled  almost  doubled  from  11,272  to 
21,387  wells.   After  1955,  the  number  of  total  wells  drilled  generally 
declined  to  a  low  of  7,418  in  1971.   However,  after  some  relatively  small 
gains  in  total  wells  drilled  during  1972  and  1973,  total  wells  drilled 
increased  to  11,495  in  1975.   Of  significance  in  this  district  is  the  domi- 
nance of  oil  wells  drilled  compared  with  gas  wells  throughout  the  1946-75 
period. 

Proved  Oil  Reserve 

From  yearend  1946  proved  oil  reserve  in  this  district  more  than  doubled 
to  a  peak  of  4.30  billion  barrels  of  oil  at  yearend  1956,  1  year  after  the 
total  wells  drilled  peaked.   Expansion  of  enhanced  recovery  projects  in  some 
areas  also  contributed  to  the  increase  in  proved  reserve.   After  1956,  proved 
reserve  declined  to  a  level  of  2.23  billion  barrels  of  oil  at  yearend  1975. 
The  increased  drilling  activity  of  1974-75  resulted  in  arresting  the  decline. 
This  increased  drilling  activity  in  terms  of  total  wells  drilled,  however,  was 
about  half  of  the  peak  wells  drilled  in  1955  and  very  close  to  that  achieved 
in  1946. 

Primary  Oil  Production 

As  shown  in  figure  4,  primary  oil  production  increased  from  327.8  million 
barrels  of  oil  in  1946  to  a  peak  of  37  9.7  million  barrels  of  oil  in  1956. 
Thereafter,  there  was  a  general  decline  in  production  through  1975.   This 
decline  appeared  to  be  arrested  during  the  1970-74  period  because  of  increased 
oil  production  in  Michigan,  and  to  a  lesser  extent  in  Ohio,  South  Dakota,  and 
Tennessee.   These  four  States  accounted  for  14.3  percent  of  total  primary  oil 
production  in  this  district  in  1974,  and  an  estimated  19  percent  in  1975.   Pri- 
mary oil  production  in  this  district  is  expected  to  decline  from  an  estimated 
180  million  barrels  of  oil  in  1975,  slightly  less  than  in  1974,  to  160  million 
barrels  in  1980. 

Enhanced  Oil  Production 

During  the  1946-75  period,  enhanced  oil  prodiiction  as  a  percent  of  the 
total  crude  oil  produced  in  this  district  increased  steadily  from  5.9  percent 
in  1946  to  a  high  of  47.0  percent  in  1969,  and  then  down  to  46.2  percent  in 
1974  (table  4) .   This  growth  in  enhanced  oil  production  is  attributed  mainly 
to  successful  waterf looding  in  Illinois,  Kansas^  North  Dakota,  and  Oklahoma. 
Enhanced  oil  production  in  1980  is  estimated  to  be  125  million  barrels,  about 
44  percent  of  the  total  crude  oil  production.   Enhanced  oil  production  is 
expected  to  decline  faster  than  primary  production  reflecting  the  decline  in 
oil  production  from  the  old  abundant  waterf loods  in  this  district.   The  esti- 
mated 1980  enhanced  production  does  not  include  an  estimate  for  Tennessee 
because  of  the  lack  of  historical  production  data  for  the  repressuring  proj- 
ect that  was  started  early  in  1976. 
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Total  Crude  Oil  Production 

Total  crude  oil  production  increased  from  348.4  million  barrels  in  1946 
to  a  peak  of  494.0  million  barrels  in  1956.   Increased  rates  of  production 
were  not  only  a  direct  result  of  increased  drilling,  but  were  influenced  by 
successful  hydraulic  fracturing  and  waterflooding  of  reservoirs.   Total  oil 
production  in  this  district  was  maintained  at  a  level  above  475  million  bar- 
rels through  1966  primarily  because  of  increased  enhanced  crude  oil  production. 
After  1966,  total  crude  oil  production  generally  declined  through  1975  even 
with  increased  production  from  Michigan  and  Ohio  during  1970-75.  Michigan  had 
numerous  Niagaran  reef  discoveries  during  1969-75  that  resulted  in  an  alltime 
high  output  of  24.4  million  barrels  in  1975,  slightly  more  than  twice  the  1970 
output.   Ohio  produced  11.7  million  barrels  of  oil  in  1975,  an  increase  of  1.8 
million  barrels  from  that  of  1970.   The  effect  of  increased  production  has 
somewhat  altered  the  apparent  established  trend  of  1966-72.   Therefore,  oil 
production  in  this  district  is  expected  to  decline  at  a  lesser  rate  from  342,4 
million  barrels  in  1975  to  285  million  barrels  in  1980.  The  increased  explora- 
tory activities  in  Michigan  could  have  a  considerable  influence  on  the  total 
oil  production  during  1980  in  this  district. 

Natural  Gas  Liquid  Production 

Natural  gas  liquid  production  in  this  district  had  a  significant  growth 
during  the  1946-73  period,  increasing  from  17.5  million  barrels  to  a  high  of 
80.7  million  barrels.  However,  it  is  estimated  that  natural  gas  liquid  pro- 
duction will  decline  from  74.4  million  barrels  in  1975  to  58  million  barrels 
in  1980. 

Total  Liquid  Hydrocarbon  Production 

In  1946  total  liquid  hydrocarbon  production  was  365.9  million  barrels,  of 
which  95.2  percent  was  crude  oil  (fig.  4).   Total  liquid  hydrocarbon  produc- 
tion increased  to  a  high  of  545.0  million  barrels  in  1966.   Since  then,  total 
liquid  hydrocarbon  production  declined  to  an  extimated  398.8  million  barrels 
in  1975  of  which  81.4  percent  was  crude  oil.   Total  liquid  hydrocarbon  pro- 
duction is  expected  to  continue  to  decline  to  343  million  barrels  in  1980. 

PAD  District  III 

PAD  district  III  was  the  leading  producer  among  the  districts  with  1.92 
billion  barrels  or  67.3  percent  of  the  total  crude  oil  produced  in  the  conter- 
minous United  States  during  1975.   Texas  was  the  leading  oil-producing  State  in 
this  district  with  1.19  billion  barrels,  or  61.7  percent  of  the  total.   Louisi- 
ana followed  with  571.0  million  barrels,  or  29.7  percent  of  the  total  produc- 
tion. The  remaining  States  and  percentages  of  total  production  for  the  dis- 
trict were:  Alabama  (0.5  percent),  Arkansas  (0.8  percent),  Mississippi  (2.4 
percent),  and  New  Mexico  (4.9  percent). 
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Total  Wells  Drilled 

This  district  had  a  sizable  drilling  effort  after  1946  that  resulted  in 
an  alltime  high  in  wells  drilled  that  has  not  been  equaled.   From  10,585 
total  wells  drilled  in  1946,  the  number  of  wells  drilled  increased  to  a  peak 
of  29,649  in  1956  and  declined  to  12,163  in  1971.  The  recent  change  in  the 
economic  situation,  however,  reversed  the  decline  and  in  1975  total  wells 
drilled  was  17,340.   Although  the  recent  increase  in  drilling  was  substantial, 
the  1975  level  was  only  58.5  percent  of  the  1956  peak. 

Proved  Oil  Reserve 

Proved  oil  reserve  in  PAD  district  III  increased  gradually  from  14.38  bil- 
lion barrels  at  yearend  1946  to  21.28  billion  barrels  at  yearend  1959. 
Between  1959  and  1967  proved  oil  reserve  remained  fairly  constant  and  totaled 
21.49  billion  barrels  at  yearend  1967.   Thereafter,  proved  reserve  gradually 
declined  to  a  low  of  14.88  billion  barrels  at  yearend  1975,  about  the  same  as 
that  in  1946.  The  recent  increase  in  drilling  activity  has  not  reversed  the 
decline  in  proved  oil  reserve. 

Primary  Oil  Production 

Primary  oil  production  in  PAD  district  III  increased  gradually  from  824.6 
million  barrels  in  1946  to  a  high  of  1.28  billion  barrels  in  1957  (see  fig,  5). 
After  1957,  primary  oil  production  dropped  to  a  low  of  1.10  billion  barrels  in 
1960  and  remained  fairly  constant  between  1960  and  1966  although  total  oil  pro- 
duction was  gradually  increasing.   This  can  be  attributed  principally  to 
increased  enhanced  recovery  activities  which  resulted  in  a  reclassification  of 
production  from  primary  to  enhanced.   Primary  oil  production  started  to 
increase  in  the  late  sixties  and  reached  a  high  of  1.31  billion  barrels  in  1970 
as  it  responded  to  increased  market  demand.   Subsequently,  primary  oil  produc- 
tion started  a  steep  decline  as  excess  producing  capacity  was  virtually  elim- 
inated. The  decline  in  primary  oil  production  is  estimated  to  continue  from 
997.3  million  barrels  in  1975  to  760  million  barrels  in  1980. 

Enhanced  Oil  Production 

Enhanced  oil  production  increased  from  16.9  percent  of  the  total  crude 
oil  production  in  1946  to  47.8  percent  in  1974  (table  4).  The  upswing  in 
enhanced  oil  production  began  after  1960,  mainly  as  a  result  of  significant 
increases  in  enhanced  recovery  projects  in  Texas  and  Louisiana.  However,  in 
recent  years  there  has  been  a  reduction  in  active  projects  in  Louisiana,  which 
has  contributed  to  the  reduction  in  enhanced  oil  production.   These  two  States 
accounted  for  most  of  the  926.1  million  barrels  of  enhanced  oil  estimated  for 
1975.   Enhanced  oil  production  is  expected  to  be  755  million  barrels  in  1980, 
about  half  of  the  total  oil  production. 
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Total  Crude  Oil  Production 

Total  crude  oil  production  in  PAD  district  III  increased  from  991.9  mil- 
lion barrels  in  1946  to  a  high  of  2.25  billion  barrels  in  1972.   During  the 
period  of  increased  drilling  activity  (1945-56),  there  was  a  considerable 
growth  in  excess  producing  capacity,  mainly  in  Texas  and  Louisiana.   Also, 
excess  producing  capacity  was  augmented  by  an  increase  in  enhanced  recovery 
projects.   This  is  evidenced  by  a  decline  in  drilling  after  1958  when  oil 
production  increased  as  domestic  demand  for  crude  oil  increased.   However, 
much  of  the  increase  came  from  enhanced  recovery  projects.   Excess  producing 
capacity  was  greatly  reduced  by  the  early  seventies,  and  after  1972,  total 
crude  oil  production  began  to  decline.   By  1974  excess  producing  capacity 
was  virtually  eliminated.   Total  crude  oil  production  was  estimated  at  1.92 
billion  barrels  for  1975  and  1.52  billion  barrels  for  1980.   The  estimates  for 
Texas  were  made  for  each  Railroad  Commission  (RRC)  district  and  then  totaled 
for  the  State.   These  estimates  do  not  include  additional  production  expected 
from  the  Yates  field  because  of  increased  maximum  efficient  rate  of  the  field 
in  mid-1976.   If  included,  crude  oil  production  in  1980  would  change  slightly 
to  1.53  billion  barrels  in  this  district. 

Natural  Gas  Liquid  Production 

Natural  gas  liquid  production  in  PAD  district  III  had  an  unusually  rapid 
growth,  from  91.0  million  barrels  in  1946  to  a  peak  of  634.4  million  barrels 
in  1972.  After  1972,  natural  gas  liquids  declined  to  580.0  million  barrels  in 
1975.   In  view  of  the  decline  in  proved  reserve  of  natural  gas  liquids  in 
Texas  and  Louisiana  which  supply  most  of  the  natural  gas  liquids  in  this  dis- 
trict, future  natural  gas  liquid  production  is  estimated  to  decline  to  472 
million  barrels  in  1980. 

Total  Liquid  Hydrocarbon  Production 

In  1946,  the  liquid  hydrocarbon  production  was  1.08  billion  barrels,  of 
which  91.6  percent  was  crude  oil  production  (fig.  5).   Total  liquid  hydro- 
carbon production  increased  to  a  peak  of  2.88  billion  barrels  in  1972  and 
declined  sharply  thereafter  to  2.50  billion  barrels  in  1975,  of  which  76.8 
percent  was  crude  oil  production.   Continuation  of  the  decline  is  expected  to 
result  in  1.99  billion  barrels  of  production  in  1980.   However,  with  the  addi- 
tional production  expected  from  the  Yates  field,  total  liquid  hydrocarbon  pro- 
duction in  1980  would  change  slightly  to  2.00  billion  barrels. 

PAD  District  IV 

PAD  district  IV  produced  237.6  million  barrels  of  oil  during  1975,  about 
8.3  percent  of  the  total  oil  production  for  the  conterminous  United  States. 
Wyoming  led  all  States  in  this  district  in  oil  production  during  1975  with 
127.2  million  barrels,  or  53.6  percent  of  the  total  production.  Utah  followed 
with  39.6  million  barrels  of  oil  (16.6  percent),  and  for  the  first  time  sur- 
passed Colorado  which  produced  37.9  million  barrels  of  oil  (16.0  percent). 
Montana  produced  32.8  million  barrels  or  about  13.8  percent  of  the  total 
production. 
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Total  Wells  Drilled 

PAD  district  IV  had  a  sizable  increase  in  total  wells  drilled,  from  671 
wells  in  1946  to  a  high  of  2,900  wells  in  1956.  Few  gas  wells  were  drilled 
during  the  1946-56  period.   After  1956,  total  wells  drilled  declined  to  2,348 
wells  in  1957  and  remained  relatively  constant  through  1967 .   In  1968  total 
wells  drilled  were  close  to  the  1956  level.   This  level  was  surpassed  in  1969 
with  3,182  wells.   The  upsurge  in  drilling  activity  was  mainly  due  to  discov- 
ery of  large  oil  reserves  in  several  fields  in  Montana  and  Wyoming,  and  also 
development  in  Colorado's  southwestern  area  and  Denver  basin.   As  a  result  of 
the  favorable  oil  and  gas  price  changes,  the  1975  level  was  3,901  wells 
drilled,  the  highest  during  the  1946-75  period.   Emphasis  was  on  gas  drilling 
also  after  1970. 

Proved  Oil  Reserve 

Proved  oil  reserve  in  PAD  district  IV  at  yearend  1946  was  993.5  million 
barrels.   By  yearend  1958  proved  oil  reserve  had  increased  more  than  twofold  to 
2.34  billion  barrels  and  remained  fairly  constant  through  1961.   Yearend 
reserves  declined  annually,  except  for  increases  in  1968  and  1972,  to  1.53  bil- 
lion barrels  at  yearend  1975.   The  total  effect  of  the  recent  discoveries  in 
Montana,  Utah,  and  Wyoming  is  not  presently  known,  and  only  time  will  tell  if 
these  discoveries  will  arrest  the  decline  in  oil  reserve. 

Primary  Oil  Production 

As  shown  on  figure  6,  primary  oil  production  increased  rapidly  from  51.5 
million  barrels  in  1946  to  194.6  million  barrels  in  1959.   Thereafter,  it 
declined  to  a  low  of  67.7  million  barrels  of  oil  in  1967,  resulting  from  the 
reduction  in  drilling  activity  and  reclassification  of  some  of  the  primary  oil 
production  into  enhanced  oil  production.   Discoveries  in  the  late  sixties 
boosted  primary  oil  production  to  100.7  million  barrels  in  1969.   In  1970,  it 
declined  to  a  low  of  60.3  million  barrels  and  increased  steadily  to  81.9  mil- 
lion barrels  in  1974.   Primary  oil  production  is  expected  to  decline  to, 74.2 
million  barrels  in  1975  and  to  55  million  barrels  in  1980. 

Enhanced  Oil  Production 

Enhanced  oil  production  had  a  slow  start  in  PAD  district  IV  because  the 
number  of  projects  started  were  limited  by  a  lack  of  gas  for  injection  and  a 
lack  of  readily  accessible  crude  oil  market.   Enhanced  oil  production 
increased  steadily  from  14.1  percent  of  the  total  production  in  1946  to  67.4 
percent  in  1974  (table  4).   Prior  to  1959,  only  Colorado  and  Wyoming  con- 
tributed to  enhanced  oil  production.   Shortly  after  1959,  enhanced  oil  recovery 
operations  were  started  in  Montana  and  Utah.   The  initiation  of  enhanced  recov- 
ery operations  early  in  the  life  of  some  of  the  oil  discoveries  of  the  late 
sixties  contributed  significantly  to  the  growth  in  enhanced  oil  production. 
Enhanced  oil  production  was  estimated  at  69  percent  of  the  total,  equivalent 
to  163  million  barrels  of  oil  in  1975  and  73  percent  in  1980,  equivalent  to 
147  million  barrels  of  oil.   Wyoming  is  expected  to  be  the  major  supplier  of 
enhanced  oil  production  during  this  period. 
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Total  Crude  Oil  Production 

Total  crude  oil  production  increased  rapidly,  from  60.0  million  barrels 
of  oil  in  1946  to  a  high  of  253.7  million  barrels  in  1961.   Thereafter  it 
declined  slowly  to  228.7  million  barrels  in  1967  during  a  period  when  drilling 
activity  was  reduced,  but  enhanced  oil  recovery  was  increased.   Successful 
drilling  in  the  late  sixties  boosted  crude  oil  production  to  250.5  million 
barrels  in  1969.   Crude  oil  production  declined  to  237.6  million  barrels  in 
1975  and  is  expected  to  decline  to  202  million  barrels  of  oil  in  1980. 

Natural  Gas  Liquid  Production 

Limited  gas  production  in  PAD  district  IV  resulted  in  production  of  only 
1.4  million  barrels  of  natural  gas  liquids  in  1946.   Since  1946,  natural  gas 
liquid  production  steadily  increased  to  an  estimated  high  of  20.1  million 
barrels  in  1975.   However,  natural  gas  liquid  production  is  estimated  to 
decline  to  15  million  barrels  by  1980. 

Total  Liquid  Hydrocarbon  Production 

Total  liquid  hydrocarbon  production  increased  sharply  from  61.3  million 
barrels  in  1946  to  a  high  of  266.5  million  barrels  in  1961  (fig.  6).   Crude 
oil  production  accounted  for  97.7  percent  of  the  total  liquid  hydrocarbon 
production  in  1946  and  95.2  percent  in  1961.   After  1961,  total  liquid  hydro- 
carbon production  generally  declined,  but  after  a  couple  of  periods  of 
increased  drilling  activity  production  reached  a  high  of  269.9  million  barrels 
in  1974  and  declined  to  257.7  million  barrels  in  1975.   Crude  oil  production 
as  a  percent  of  total  liquid  hydrocarbon  production  was  92.2  percent  in  1975. 
Total  liquid  hydrocarbon  production  is  expected  to  decline  to  217  million  bar- 
rels in  1980. 

PAD  District  V  (Without  Alaska) 

PAD  district  V  without  Alaska  produced  323.0  million  barrels  of  oil  in 
1975.  California  was  the  major  producer  with  322.3  million  barrels  of  oil, 
or  99.8  percent  of  the  total.  Arizona  produced  635,000  barrels  of  oil,  and 
Nevada  produced  115,000  barrels. 

Total  Wells  Drilled 

■Most  of  the  drilling  activity  in  PAD  district  V  without  Alaska  was  con- 
fined to  California.  Total  wells  drilled  increased  from  1,865  in  1946  to 
2,628  in  1948  and  remained  at  about  this  level  through  1957,  except  for  a 
steep  drop  in  1950.   After  a  sharp  decrease  in  1958  to  1,457  wells  drilled, 
oil  discoveries  in  California  in  the  early  sixties  caused  an  increase  in  drill- 
ing activity  as  total  wells  drilled  increased  to  2,614  in  1962.  Again  drill- 
ing began  a  slight  decline,  but  with  the  advent  of  thermal  recovery  methods  in 
the  midsixties,  total  wells  drilled  were  up  again  in  1967  at  a  level  of  2,771. 
Thereafter,  total  wells  drilled  declined  to  a  low  of  1,182  in  1973,  but 
increased  to  2,046  wells  in  1975.   Increased  drilling  activity  in  1974  and 
1975  was  mainly  due  to  developmental  drilling  in  shallow,  low-gravity-oil 
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reservoirs  in  California.  Arizona  and  Nevada  had  sporadic  drilling  activity 
which  contributed  little  to  the  overall  drilling  activity  of  the  district. 
These  States  drilling  activity  was  most  intense  during  the  sixties. 

Proved  Oil  Reserve 

Discussion  of  proved  oil  reserve  in  PAD  district  V  without  Alaska  is  con- 
fined to  California' s  reserve  because  reserves  were  not  reported  separately 
for  Arizona  and  Nevada  for  the  1946-75  period  by  the  API.   Proved  oil  reserve 
increased  from  3.29  billion  barrels  at  yearend  1946  to  3.76  billion  barrels  at 
yearend  1948  and  was  maintained  at  about  that  level  through  1959  but  declined 
to  3.60  billion  barrels  of  oil  at  yearend  1963.   Offshore  discoveries  and 
initiation  of  thermal  recovery  methods  boosted  proved  reserve  to  a  high  of 
4.61  billion  barrels  of  oil  at  yearend  1966,  but  then  proved  oil  reserve  began 
a  decline  which  was  not  arrested  until  1974,  coincidental  with  the  latest 
increase  in  drilling  activity.  At  yearend  1975,  proved  oil  reserve  was  3.65 
billion  barrels,  up  from  3.49  billion  barrels  at  yearend  1973. 

Primary  Oil  Production 

As  shown  on  figure  7,  primary  oil  production  in  PAD  district  V  without 
Alaska  increased  from  281.0  million  barrels  of  oil  in  1946  to  a  high  of  306.5 
million  barrels  in  1948.   It  generally  followed  a  decline  thereafter  through 
1974.   Primary  oil  production  was  down  to  118.5  million  barrels  in  1974  and 
was  estimated  to  be  116  million  barrels  in  1975  and  100  million  barrels  for 
1980.  All  production  from  Arizona  and  Nevada  was  considered  primary  oil 
production. 

Enhanced  Oil  Production 

Enhanced  oil  production  in  PAD  district  V  without  Alaska  came  entirely 
from  California  and  has  generally  increased  since  1946.   In  1946,  it  was  10.7 
percent  of  the  total  crude  oil  production  and  within  5  years  the  percentage 
had  more  than  doubled.   The  percentage  continued  to  increase  and  surpassed  the 
midway  point  by  1962,  before  the  en^hasis  on  thermal  recovery  began.   Enhanced 
oil  production  as  a  percentage  of  the  total  oil  production  then  increased  to  a 
high  of  69.0  percent  in  1969  when  oil  production  from  thermal  operations 
peaked.  After  1969,  the  percentage  dropped  a  few  points  because  of  project 
abandonments  but  was  up  to  63.4  percent  by  1974.   The  percentage  was  estimated 
at  64  percent  for  1975  and  is  expected  to  increase  to  67  percent  in  1980, 
assuming  that  the  success  of  enhanced  recovery  methods  coupled  with  the  recent 
favorable  price  increases  continue.   In  terms  of  volume,  enhanced  oil  produc- 
tion is  expected  to  decline  slightly  from  that  of  1975,  to  201  million  barrels 
in  1980. 

Total  Crude  Oil  Production 

Total  crude  oil  production  in  this  district  without  Alaska  increased  from 
314.6  million  barrels  in  1946  to  a  high  of  365.0  million  barrels  of  oil  in 
1953.  While  primary  oil  production  declined  from  281.0  million  barrels  to 
274.3  million  barrels  during  this  period,  enhanced  oil  production  more  than 


28 


ri 

• 

/ 

II 

II 

II 

II 

II 

/ 

II 

/ 

II 

/ 

1 1 

/ 

1  1 

1 

/ 

1  1 
1  1 

( 

1 

^ 

4 

■o 

\ 

«n 

\     N 

0) 

c 

\ 

V 

u 

o 

\ 

\ 

c 

£1 

\ 

\ 

o 

1- 

^ 

V    X 

n 

o 

\  X 

c 

CI 

X    X 

<?' 

O 

\  \ 

1 

>- 

\     \ 

1 

X) 

>> 

o 

p 

*o 

"O 

c 

( 

3 

01 

\ 

3 

o- 

"O 

\ 

1. 

c 
o 

/ 

u 

— 

u 

/ 

o 

/ 

.o 

CS 

/ 

1- 

/ 

Q. 

/   / 

_l 

/    / 

«r 

/    / 

.E 

J  J 

o 

/  / 

o>         y 

>> 

g.      / 

/ 

o 

_     / 

/ 

_E 

°    / 

1 

u 

1-    / 

1 

i 

a. 

=   / 

/ 

/ 

o    1 

1 

— 

N 

Ss 

i 

o 

T3 
3 

o 

( 

i- 

o 

CO 

0^ 

■" 

o 

D 

-D 

O 

k. 

Q. 

-o 

Qi 

W 

O 

lO 

0) 

0> 

^-^ 

"■ 

._      D 

<D     C 

"O      ^ 

3     O 

U  — 

c    a 

—  U 

o    c 

c  — 

o 

w    Q^ 

N 

J3  > 

o    ^ 

0> 

Q    w 

^^    <D 

.1^ 

S    E 

.—      D 

T     <U 

U  -= 

D     O 

lO 

O    % 

0^ 

^Q. 

' 

c  — 

o   9 

-Q    ^ 

i_     o 

P  z 

u 

o    w 

L-     -^ 

"^  ~ 

^x 

o 

-c  £^ 

<0 
0> 

3  LU 

._    (1) 

—  _c 

V      t 

w    o 

D  ^ 

<Q 

n  CL 

U) 

o  O 

U) 
0> 

•:£ca 

^T 

D 

>      W 

D 

■f    o 

(J  -J= 

^         •**" 

Tn  o 

.-  o 

o 

-O   CM 

in 

0^ 

<    o 

Q-  .;: 

o 
oo 
'J- 


o 


o 

fO 


o 
o 

ro 


O 


O 

GO 


o 

CM 


o 


CO 
O  0^ 


LU 

ID 
O 

LL 


iqq  uoniiuj'NOiionaodd  NoaavDoaoAH  ainon  AiyvaA 


29 


doubled  during  the  same  period  from  33.6  million  barrels  to  90.7  million  bar- 
rels. After  1953,  oil  production  generally  declined  to  a  low  of  295.6  million 
barrels  of  oil  in  1962.  Total  oil  production  increased  after  1962  with  the 
advent  of  thermal  recovery  methods  to  a  peak  of  378.6  million  barrels  of  oil 
in  1968  and  started  a  decline  that  was  altered  in  1975.   Thus,  total  crude  oil 
production  is  expected  to  decline  from  323.0  million  barrels  in  1975  to  300 
million  barrels  in  1980.   This  estimate  does  not  include  an  estimated  200,000 
BOPD  expected  from  the  Elk  Hills  field  in  1980  due  to  development  of  this 
Naval  Petroleum  Reserve.   If  included,  crude  oil  production  in  1980  would  be 
373  million  barrels. 

Natural  Gas  Liquid  Production 

All  production  of  natural  gas  liquids  in  this  district  without  Alaska  is 
from  California,  and  most  is  extracted  from  gas  produced  with  oil.  Natural 
gas  liquid  production  has  been  minor  relative  to  oil  production  during  the 
1946-75  period.  Natural  gas  liquid  production  increased  from  21.7  million 
barrels  in  1946  to  a  peak  of  31.4  million  barrels  in  1954,  and  after  a  decline 
through  1969,  it  started  a  steep  decline  through  1974.  Natural  gas  liquid 
production  is  estimated  at  10  million  barrels  in  1975  and  8  million  barrels 
for  1980. 

Total  Liquid  Hydrocarbon  Production 

Total  liquid  hydrocarbon  production  increased  from  336.3  million  barrels 
in  1946  to  a  high  of  369.1  million  barrels  in  1953  (fig.  7).  After  1953, 
total  liquid  hydrocarbon  production  declined  to  a  low  of  322.4  million  barrels 
in  1962.  The  upsurge  in  total  crude  oil  production,  mainly  due  to  success  in 
thermal  recovery  in  California,  boosted  total  liquid  hydrocarbon  production  to 
a  peak  of  400.6  million  barrels  in  1968.   Thereafter  it  declined  to  a  low  of 
333.4  million  barrels  in  1975.   Total  liquid  hydrocarbon  production  for  1980 
is  estimated  at  308  million  barrels.  With  inclusion  of  additional  oil  pro- 
duction expected  from  the  Elk  Hills  field  in  California,  total  liquid  hydro- 
carbon production  in  1980  would  be  381  million  barrels. 

Alaska 

Alaska  is  in  PAD  district  V  but  was  treated  separately  in  this  study 
since  most  of  Alaska' s  future  production  is  highly  dependent  on  completion  of 
the  Alaskan  pipeline  from  Prudhoe  Bay.  First  commercial  oil  production  in  this 
State  was  in  1959.  In  1975  Alaska  produced  69.8  million  barrels  of  oil  which 
placed  it  seventh  in  the  Nation  among  the  oil-producing  States.  Alaska  has 
been  one  of  the  top  10  oil-producing  States  in  the  Nation  since  1968. 

Total  Wells  Drilled 

Some  exploratory  drilling  was  done  in  1957  which  resulted  in  the  discov- 
ery of  the  Swanson  River  field.   Drilling  continued  after  1957  and  in  1959,  a 
total  of  14  wells  were  drilled.   Total  wells  drilled  increased  to  a  high  of  49 
in  1961.  More  than  half  of  the  total  wells  drilled  then  were  oil  wells.  After 
a  decline  in  drilling,  total  wells  were  up  to  about  the  same  level  in  1966  as 
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in  1961  with  development  of  the  Cook  Inlet  fields.   Total  wells  drilled  peaked 
in  1969  at  106  wells  following  discovery  of  the  Prudhoe  Bay  field.  With  delay 
in  the  development  of  the  Prudhoe  Bay  field,  total  wells  drilled  declined 
after  1969  and  did  not  increase  significantly  until  1975  as  development  of  the 
Prudhoe  Bay  field  was  accelerated  due  to  the  start  of  the  798-mile  pipeline 
from  Prudhoe  Bay  to  Valdez  in  1974. 

Proved  Oil  Reserve 

Proved  oil  reserve  in  Alaska  was  3.8  million  barrels  at  yearend  1959 
and  increased  to  432.3  million  barrels  at  yearend  1969,  prior  to  the  large 
reserve  addition  from  the  Prudhoe  Bay  field.  At  yearend  1970,  oil  reserve 
increased  to  10.15  billion  barrels  with  the  addition  of  the  Prudhoe  Bay  field 
reserve.   However,  to  date,  a  relatively  small  amount  of  oil  has  been  produced 
from  this  field  because  pipeline  facilities  have  not  been  completed.   Proved 
oil  reserve  was  10.04  billion  barrels  at  yearend  1975,  slightly  lower  than 
that  of  1970. 

Primary  Oil  Production 

Primary  oil  production  started  at  a  low  of  36,000  barrels  in  1958  and 
increased  to  10.3  million  barrels  in  1962  following  discovery  of  oil  in  the 
Cook  Inlet  (see  fig.  8).   After  1962,  it  gradually  declined  to  a  low  of  2.6 
million  barrels  of  oil  in  1966.   Continued  development  in  the  Cook  Inlet  area 
increased  primary  oil  production  to  a  peak  of  52.5  million  barrels  in  1968. 
Since  then,  primary  oil  declined  continuously  to  a  level  of  approximately 
2.8  million  barrels  in  1975.   Gas  produced  with  the  oil  from  the  giant  Prudhoe 
Bay  field  has  to  be  injected  into  the  reservoir  because  of  Alaska's  no-flare 
ruling.   By  definition,  the  oil  produced  is  classified  as  enhanced  oil  pro- 
duction.  It  is  assumed  that  secondary  recovery  methods  of  operation  will 
immediately  be  applied  to  other  fields  that  are  discovered.   On  this  premise, 
primary  oil  production  is  estimated  to  decline  to  925,000  barrels  in  1980. 

Enhanced  Oil  Production 

Enhanced  oil  production  began  in  1963  with  gas  injection  in  the  Swanson 
River  field  and  totaled  7.8  million  barrels  of  oil  that  year.   By  1974 
enhanced  oil  production  was  67.3  million  barrels  of  oil.   The  gains  in 
enhanced  oil  production  resulted  from  the  initiation  of  pressure  maintenance 
projects  in  fields  in  offshore  Cook  Inlet  early  in  the  life  of  the  fields 
because  of  rapidly  declining  reservoir  pressure.   Enhanced  oil  production  was 
estimated  to  decline  slightly  from  1974,  to  67.0  million  barrels  of  oil  in 
1975.   By  1980  it  was  estimated  at  649.5  million  barrels  of  oil  with  the  addi- 
tion of  expected  production  from  the  Prudhoe  Bay  field.   It  was  assumed  that 
production  from  south  Alaska  would  decline  through  1980,  and  that  all  new  pro- 
duction from  Prudhoe  Bay  would  be  enhanced. 
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Total  Crude  Oil  Production 

Total  crude  oil  production  in  Alaska  increased  gradually  from  a  low  of 
36,000  barrels  in  1958  to  14.4  million  barrels  of  oil  in  1966.  The  follow- 
ing year  production  doubled  and  continued  to  increase  to  a  high  of  82.7  mil- 
lion barrels  of  oil  in  1970.   Thereafter,  total  oil  production  declined  to 
69.8  million  barrels  in  1975.   The  1980  estimate  of  650.4  million  barrels 
assumes  a  general  decline  in  oil  production  from  south  Alaska,  completion  of 
the  pipeline  from  the  Prudhoe  Bay  field  by  mid-1977,  and  a  producing  rate  of 
1.6  million  BOPD  from  the  Prudhoe  Bay  field. 

Natural  Gas  Liquid  Production 

Natural  gas  liquid  production  started  in  1968  and  since  then  has  been 
minimal  relative  to  oil  production.   Natural  gas  liquid  production  increased 
from  7,000  barrels  in  1968  to  811,000  barrels  in  1973.   Thereafter,  natural 
gas  liquid  production  declined  to  an  estimated  768,000  barrels  in  1975.   Pro- 
duction is  estimated  to  decline  to  670,000  barrels  in  1980.   This  estimate 
does  not  include  future  natural  gas  liquid  production  from  the  Prudhoe  Bay 
field.   No  estimate  was  made  due  to  the  lack  of  data  to  use  as  a  basis. 

Total  Liquid  Hydrocarbon  Production 

Total  liquid  hydrocarbon  production  was  equivalent  to  oil  production  from 
1958  through  1967  (fig.  8).   In  1968  total  liquid  hydrocarbon  production  was 
66.2  million  barrels.   In  1970  total  liquid  hydrocarbon  production  was  at  a 
high  of  83.3  million  barrels.   Thereafter,  total  liquid  hydrocarbon  declined 
to  70.5  million  barrels  in  1975.   Total  liquid  hydrocarbon  production  is 
expected  to  increase  to  651  million  barrels  in  1980.   The  large  increase  in 
total  liquid  hydrocarbon  production  is  principally  due  to  the  estimated  pro- 
duction of  1.6  million  BOPD  from  the  Prudhoe  Bay  field. 

CONCLUDING  STATEMENT 

The  results  as  projected  in  this  report  are  dependent  on  the  assumed 
conditions  selected  to  prepare  the  estimates.   Unforeseen  economic  and  oper- 
ating conditions  between  1975  and  1980  could  affect  the  outcome.   As  an 
example,  the  level  of  production  from  the  Prudhoe  Bay  field  in  Alaska  could 
vary  greatly  from  the  1.6-million-barrel-per-day  oil  production  level  assumed 
in  this  study  for  1980.   New  production  from  the  Naval  Petroleum  Reserve  No.  1, 
Elk  Hills  field,  in  California  is  uncertain  and  may  have  a  direct  bearing  on 
actual  1980  production.   Accelerated  Federal  offshore  leasing  could  have  an 
effect  by  1980,  although  it  is  not  likely  due  to  the  normal  time  lag  between 
discovery  of  reserves  and  initial  crude  oil  or  gas  production. 

In  view  of  the  information  developed  in  this  study,  enhanced  oil  produc- 
tion has  contributed  substantially  to  total  crude  oil  production  in  the  past. 
It  is  estimated  that  enhanced  oil  production  as  a  percentage  of  total  crude 
oil  production  will  continue  to  increase  through  1980  in  all  districts  except 
in  PAD  districts  I  and  II.   For  the  United  States,  enhanced  oil  production 
surpassed  primary  oil  production  in  1973,  and  it  was  estimated  at  53  percent 
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of  the  total  oil  production  in  1975.  With  the  inclusion  of  production  from 
Alaska,  enhanced  oil  production  as  a  percentage  of  total  crude  oil  is  esti- 
mated at  64  percent  in  1980, 

Drilling  activity  increased  between  1971  and  1975  in  response  to  more 
favorable  crude  oil  prices  and  to  free-market  intrastate  gas  prices.   This 
resulted  in  reversal  of  the  downward  trend  in  crude  oil  production  in  several 
areas  of  the  country  but  did  not  stop  the  decline  in  U.S.  total  production 
and  proved  reserve.   Oil  reserves  are  being  used  faster  than  new  reserves  are 
found.   Unless  significant  breakthroughs  in  new  and  innovative  enhanced  recov- 
ery methods  are  developed  or  major  new  fields  discovered  which  can  be  placed 
in  production  before  1980,  proved  reserve  and  production  in  the  conterminous 
United  States  will  continue  to  decline  through  1980. 

As  previously  stated,  unforeseen  developments  can  affect  the  projections, 
The  following  tabulation  is  presented  to  incorporate  into  the  1980  estimate 
of  crude  oil  production  additional  production  expected  due  to  developments 
that  occurred  after  1975: 


Oil  production,  1,000  bbl 


1975P 


1980 


Conterminous  United  States^ 

Alaska 

Elk  Hills  field,  Calif 

Yates  field,  Tex 

Total  United  States.. 


2,856,899 
69,772 

(2) 


2,344,143 

650,430 

73,200 

18,300 


2,926,671 


3,086,073 


P Preliminary. 

■"-Total  in  1980  does  not  include  additional  production  expected  due  to  the 
change  in  maximum  efficient  rate  of  the  Yates  field  in  Texas  and  the 
development  of  Naval  Petroleum  Reserve  in  Elk  Hills  field,  Calif. 

^1975  production  included  in  the  conterminous  United  States  total. 

With  the  continuation  of  declining  production  of  crude  oil  and  natural 
gas  liquids,  total  liquid  hydrocarbon  production  for  the  conterminous  United 
States  is  expected  to  decline  from  3.55  billion  barrels  in  1975  to  2.90  bil- 
lion barrels  in  1980.   Natural  gas  liquid  production  is  estimated  to  drop 
from  690.3  million  barrels  to  558  million  barrels  during  the  same  period. 
Including  Alaska,  total  liquid  hydrocarbon  production  would  decline  from 
3.62  billion  barrels  in  1975  to  3.55  billion  barrels  in  1980.   However,  with 
inclusion  of  additional  production  expected  due  to  developments  which  occurred 
after  1975  (development  of  the  Elk  Hills  field  in  California  and  the  increased 
maximum  efficient  rate  for  the  Yates  field  in  Texas)  total  liquid  hydrocarbon 
production  in  1980  is  estimated  at  2.99  billion  barrels  for  the  conterminous 
United  States  and  3.64  billion  barrels  for  the  total  United  States. 
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APPENDIX 

Historical  liquid  hydrocarbon  production  data  1946-74  and  the  1980 
estimated  production  are  presented  graphically  by  State  and  State  subdivisions 
of  Louisiana  and  Texas.   For  the  subdivisions  of  Texas,  total  liquid  hydro- 
carbon production  data  were  not  shown  on  the  graphs  for  the  years  during  the 
1946-64  period  because  natural  gas  liquid  production  data  were  not  readily 
available  for  those  years.   Condensate  production  could  not  be  obtained  for 
all  States;  therefore,  it  is  shown  for  only  those  States  that  reported  conden- 
sate separate  from  crude  oil  and  for  those  States  for  which  condensate  was 
reported  with  the  crude  oil  but  could  be  separated  by  identifying  the  gas 
condensate  fields.   Table  A-1  consists  of  enhanced  oil  production  as  a  percent 
of  total  crude  oil  production  for  the  United  States  and  selected  States  and 
State  subdivisions ,  and  table  A-2  shows  the  annual  oil  production  as  a  percent 
of  the  proved  oil  reserve  at  the  beginning  of  the  year  for  the  United  States 
without  Alaska,  States,  and  State  subdivisions. 
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TABLE  A -2.  -  Annual  oil  production  as  a  percent  of  the  reserve  at  beginning  of  year  for  United  States 


without  Alaska, 

States,   and  State   subdivisl 

ons 

U.S. 
total 

PAD  district  I 

PAD  district  II 

PAD  district  III 

Year 

Flor- 

New 

Penn- 

West 

Illi- 

Indi- 

Kan- 

Ken- 

Mich- 

North 

Okla- 

Ala- 

Arkan- 

Loui- 

Mis- 

New 

without 

ida 

York 

syl- 

Vir- 

nois 

ana 

sas 

tucky 

igan 

Nebraska 

Dakota 

Ohio 

homa 

bama 

sas 

siana 

sis- 

Mex- 

Alaska 

vania 

ginia 

sippi 

ico 

1946 

8.7 

. 

6.0 

11.8 

7.7 

21.6 

16.2 

17.8 

18.8 

26.5 

58.0 

- 

11.8 

15,4 

48.7 

9.2 

~9.0 

9.3 

7.2 

1947 

8.9 

- 

6.3 

13.0 

7.5 

19.1 

16.2 

19.1 

16,2 

23.7 

24,5 

- 

12.4 

15,8 

79.1 

10.5 

9.5 

12,9 

7.5 

1948 

9.3 

33.3 

6.2 

10.5 

7.5 

17.7 

17.3 

19.2 

13.4 

24.2 

27.3 

- 

13.5 

16.3 

17.3 

10,1 

9.8 

14.4 

8.9 

1949 

7.8 

31.7 

6.3 

10.4 

7.7 

16.3 

19.3 

14.8 

16.0 

23.8 

33.6 

- 

12.2 

12.1 

12.6 

9,4 

9.8 

9.8 

8.6 

1950 

7.9 

17.6 

6.5 

11.6 

7.4 

13.5 

20.4 

14.6 

18,5 

23.9 

81.6 

- 

12.0 

12,3 

18.1 

9.8 

10.5 

8.9 

7.4 

1951 

8.8 

22.9 

7.2 

10.7 

6.9 

11.0 

18.5 

15.6 

18,4 

17.8 

28.5 

- 

11,5 

13,3 

19.1 

8.2 

10.1 

9,2 

9.1 

1952 

8.2 

24.5 

7.4 

11.7 

6.8 

9.4 

23.4 

14.4 

20.1 

20.9 

15.0 

28,5 

12.7 

12.8 

13.8 

8.2 

9.9 

9,0 

9.8 

1953 

8.3 

16.6 

7.1 

8.7 

8.1 

9.4 

22.0 

12.5 

20,4 

21.4 

28.1 

6.9 

13.5 

12.8 

10.7 

8.0 

?.3 

9.3 

9.5 

1954 

7.8 

19.6 

6.6 

8.3 

7.9 

10.5 

18.1 

12.9 

16.2 

19,7 

31.4 

4.8 

12.2 

10.5 

9.2 

7.4 

8.2 

9.3 

8,9 

1955 

8.2 

22.3 

6.3 

8.4 

6.4 

12.5 

16.0 

12.3 

18,3 

18,9 

31.1 

8.3 

11.9 

10,3 

9.1 

7.5 

8.3 

8.7 

10,0 

1956 

8.5 

13.8 

6.4 

8.8 

4.8 

11.9 

20.0 

12.5 

16.3 

18,2 

29,2 

6.9 

8.8 

10.5 

14.4 

8.5 

8.3 

10.1 

10.6 

1957 

8.4 

15.9 

6.6 

6,1 

4.3 

10.9 

17.4 

12.5 

11.7 

18.6 

31.3 

6.7 

8.7 

10.5 

17.1 

9.3 

8.1 

10.0 

11.1 

1958 

7.8 

18.9 

4.6 

5.3 

4.2 

12.2 

17.4 

12.7 

11.5 

18,6 

31.8 

5.4 

9.5 

10.2 

17.3 

9.2 

7.3 

10.6 

11.5 

1959 

8.1 

14.4 

5.5 

5.1 

4.2 

12,6 

16.1 

12.9 

22.4 

23,4 

32,8 

5.7 

8.5 

10,2 

14.5 

7.8 

7.9 

12.5 

11.4 

1960 

7.8 

14.7 

5.3 

5.2 

4.4 

13.1 

16.3 

12.3 

15.9 

28.7 

29,2 

5.7 

6.8 

10.2 

21.4 

8.4 

7.4 

12.9 

10.2 

1961 

7.9 

15.0 

5.2 

5.2 

5.2 

13.9 

17.3 

12.7 

14,0 

24.4 

28,8 

5.5 

7.6 

10.5 

20.4 

9.4 

7.7 

13.1 

10.0 

1962 

8.0 

17.2 

5.7 

5.1 

6.9 

15,6 

19.2 

12.7 

15.0 

21,7 

24.8 

6.1 

7.7 

11.0 

20.7 

9.6 

8.5 

13.3 

9,6 

1963 

8.2 

13.0 

7.2 

5.2 

5.8 

16.1 

20.0 

12.6 

15.6 

21,4 

22,3 

6.2 

7.8 

11.3 

23.8 

10.6 

8.8 

14.7 

9.8 

1964 

8.5 

12.1 

10.2 

5.6 

5.7 

17.0 

17.5 

12.6 

20.2 

22,6 

22.4 

6.6 

18.0 

12.2 

19.3 

11.5 

J. 4 

14.5 

10,7 

1965 

8.7 

16.2 

12.0 

5.6 

6.0 

16.3 

18.2 

13.0 

16.7 

25,0 

24,2 

7.0 

13.0 

13.0 

16.3 

12.2 

9.9 

15.3 

11,8 

1966 

9.1 

12.6 

14.5 

5.6 

6.7 

16.4 

18.5 

13.6 

17.3 

27,1 

19,9 

6.9 

10.8 

14,3 

12.3 

11.5 

11.1 

17.1 

13,0 

1967 

9.7 

13.6 

19.4 

6.1 

6.3 

16.5 

21.1 

13.5 

15.8 

18.5 

23.1 

7.8 

9.8 

14,7 

8.6 

11.2 

12,6 

15.3 

11.6 

1968 

9.9 

14.2 

10.5 

6.5 

6.2 

16.9 

18.4 

15.0 

15.3 

20.6 

21.7 

8.6 

9.8 

14,9 

9.6 

11.0 

12,8 

15.2 

13,1 

1969 

10.3 

23.3 

9.6 

7.5 

6.0 

16.0 

19.8 

14.6 

16.9 

21.7 

22.7 

7.9 

8.3 

15.5 

10.6 

10,7 

13.2 

19.5 

13.9 

1970 

11.1 

31.5 

10.5 

7.3 

6.0 

15.7 

18.0 

14.8 

15.7 

23.0 

24.7 

9.3 

7.7 

15.2 

10.7 

13.4 

13.7 

17.9 

14,7 

1971 

11.0 

6.9 

10.7 

8.3 

5,7 

16.6 

18.2 

14.3 

17.3 

25.0 

24,6 

11.3 

6.5 

15,4 

11.9 

13.4 

14.0 

17.8 

14,9 

1972 

11.5 

7.8 

9.5 

7.3 

5.3 

15.9 

19.9 

14.8 

18.6 

20,9 

24.1 

12.1 

7.2 

14.1 

15.8 

15.5 

14,4 

17.7 

16,2 

1973 

11.9 

15.7 

10.4 

8.8 

7.2 

16.6 

18.4 

14.7 

18.3 

22.1 

24.0 

11.9 

6.9 

13.8 

19.3 

15.1 

14,3 

17.1 

16.5 

1974 

U.8 

19.6 

10.7 

8.6 

8.2 

17.5 

18,1 

15.3 

19.9 

24.8 

23.2 

11.0 

7.3 

13.0 

20.5 

15.0 

14.0 

17.4 

14.5 

1975 

11.7 

13.5 

8.0 

6.3 

8.0 

15.9 

18.7 

14.9 

20.5 

29.8 

22.7 

.    11.6 

7.7 

12.4 

14.5 

14.7 

13,2 

17.5 

14.5 

PAD  district  II 

I--Continue< 

PAD  district  IV 

PAD  district  V 

Texas 

Colo- 
rado 

Mon- 
tana 

Utah 

Wyo- 
ming 

Alaska 

Cali- 

Total 

RRC   1 

RRC  2 

RRC  3 

RRC  4 

RRC  5 

RRC  6 

RRC  7B 

RRC 

7C 

RRC  81 

RRC 

RRC   9 

RRC  10 

for- 

8A3 

nia 

1946 

7.0 

13.0 

7.6 

6.7 

7.7 

4.7 

5.9 

18.2 

7.7 

6.4 

- 

16.7 

10.2 

4.6 

8.1 

- 

6.4 

. 

9.5 

1947 

7.0 

10.4 

7.4 

7.0 

7.7 

4.9 

4.9 

19.2 

9.9 

7.5 

- 

15.3 

9.8 

5,2 

8.7 

. 

7.6 

- 

10.1 

1948 

7.6 

10.1 

7.9 

7.3 

7.3 

6.0 

5.0 

22.4 

10.5 

9,2 

. 

14.6 

10.2 

4,5 

8.3 

. 

8.2 

. 

10.3 

1949 

5.9 

10.5 

5.4 

5.4 

5.3 

4.7 

4.3 

17.0 

8.3 

6.3 

- 

12.9 

9.7 

6.4 

8.1 

77.6 

6.7 

. 

8.8 

1950 

6.1 

11.1 

5.7 

5.7 

5.7 

4.8 

4.5 

16.7 

9.6 

5.9 

- 

13.1 

10.1 

6,7 

7.6 

7.8 

8.8 

- 

8.6 

1951 

7.3 

13.5 

7.2 

6.8 

7.0 

7.0 

5.1 

16.0 

15.3 

7.4 

- 

13.2 

10.2 

8,2 

8.2 

6.2 

8.2 

- 

9.5 

1952 

6.6 

14.3 

7.0 

6,7 

7.0 

6,5 

4.2 

17.2 

7.5 

6.4 

- 

13.8 

10.3 

9,3 

8.9 

5.7 

7.2 

- 

9.6 

1953 

6.7 

17.6 

7.0 

6.6 

6.9 

7,2 

3.8 

18.2 

8.9 

7.2 

6,3 

14.0 

10.4 

11.7 

7.7 

4.2 

7.8 

- 

9.5 

1954 

6.3 

20.8 

5.8 

6.1 

6.3 

6,6 

3.6 

19.2 

10.2 

7.3 

5.2 

13.1 

9.2 

14.4 

6.7 

5.1 

7.0 

. 

9.1 

1955 

6.8 

24.3 

6.4 

6.3 

6.4 

7.2 

3.6 

18.0 

10.8 

8.3 

5.7 

13.5 

9.9 

16.1 

5.7 

5.9 

7.6 

. 

9.1 

1956 

7.2 

19.1 

6.7 

6.6 

6.5 

6,9 

3.7 

19.4 

10.8 

9.2 

6.2 

14.5 

10.0 

17.5 

7.3 

6.8 

7.7 

- 

9,2 

1957 

7.2 

18.1 

6,4 

6.3 

6.1 

6,4 

3.6 

18.8 

9.9 

9.5 

6,3 

14,5 

11.0 

15.1 

8.1 

7.5 

8.0 

. 

9.0 

1958 

6.2 

13.5 

5.2 

5.4 

5.2 

5,4 

2.9 

15.9 

8.4 

8.9 

4,8 

14.5 

11.3 

15.6 

9.0 

17.6 

8.0 

- 

8.3 

1959 

6.6 

12.6 

5.5 

5.3 

5.4 

5.4 

3.0 

17.1 

8.8 

9.2 

6,0 

15.6 

12.3 

11.8 

9.0 

20.1 

8.9 

. 

7.9 

1960 

6.0 

13.4 

5.3 

4.8 

5.2 

5,2 

2.8 

16.4 

9.3 

8.4 

4.5 

13.5 

12.0 

12.3 

9.8 

19.3 

9.3 

14.8 

8.1 

1961 

6.1 

11.9 

5.6 

4.8 

5.7 

5.5 

3,0 

14.9 

9.6 

8.0 

4.6 

13.6 

12.6 

13.4 

11.5 

15.6 

10.0 

23.2 

8.2 

1962 

6.0 

12.7 

4.0 

5.0 

6.0 

5.2 

2.9 

15.3 

9.7 

8.2 

4.7 

13.9 

.13.0 

10.1 

12.7 

13.4 

9.9 

12,1 

8.2 

1963 

6.2 

12.1 

4.3 

5.4 

6.9 

5.6 

2.9 

16.4 

10.3 

8.2 

4.8 

14.5 

13.8 

9.8 

12.4 

16.9 

10.3 

12,7 

8.2 

1964 

6.4 

12.3 

4.5 

5.5 

7.7 

5,8 

2.9 

16.5 

10.8 

7.9 

5.1 

15.1 

14.8 

9.3 

11.3 

12.9 

11.2 

14.8 

8.3 

1965 

6.5 

13.0 

4.7 

5.4 

8.2 

5.8 

2.9 

16.8 

11.4 

8.2 

5.2 

15.1 

15.4 

9.6 

13.0 

11.4 

11.7 

13.4 

7.7 

1966 

7.0 

12.9 

5.2 

5.9 

10.0 

6.4 

3,3 

16.2 

13.2 

8.7 

5.4 

15.7 

10.9 

10.0 

12.9 

12.1 

11.5 

9.0 

7.5 

1967 

7.5 

13.2 

6.0 

6.7 

11.6 

7.0 

3.6 

13.9 

13.1 

9.0 

6.1 

16.1 

11.3 

9.7 

12.4 

11.4 

12.9 

9.0 

7.8 

1968 

7.4 

10.7 

6.6 

7.0 

12.4 

7.9 

3.9 

13.9 

12.6 

7.6 

6.8 

13.9 

11.5 

9.4 

15.6 

11.7 

13.7 

17.4 

8.6 

1969 

8.0 

11.4 

7.8 

7.5 

12.7 

9.2 

4.4 

15.8 

12.4 

8.4 

7.5 

15.7 

11.2 

6,6 

13.0 

12.6 

13.7 

19.8 

8.6 

1970 

9.2 

10.7 

8.7 

8.8 

13.7 

12.2 

6.0 

15.5 

11.7 

9,2 

9.7 

16.1 

11.6 

6.4 

13.6 

11.9 

15.6 

19.2 

8.8 

1971 

9.0 

13.6 

8.7 

9.2 

12.8 

13.1 

5.9 

15.2 

11.9 

9.2 

8.5 

14.2 

11.4 

6.9 

14.3 

12.9 

14.1 

.8 

9.0 

1972 

9.7 

15.1 

10.1 

10.6 

14.1 

17.1 

7.1 

17.7 

13.9 

8.1 

10.2 

13.8 

11.4 

9.7 

14.9 

15.9 

13.9 

.7 

9.4 

1973 

10.4 

13.8 

11.7 

11.1 

15.0 

20.8 

7.4 

15.0 

14.1 

8.1 

12.4 

14.2 

11.6 

11.3 

14.3 

13.1 

14.6 

.7 

9.4 

1974 

10.4 

12.7 

10.2 

11.4 

14.0 

15.8 

7.5 

15.1 

14.4 

8,3 

12,9 

11.6 

11.5 

12.1 

15.8 

14.8 

15.0 

.7 

9.2 

1975 

10.7 

13.1 

10.4 

11.9 

14.9 

17.4 

7.7 

13.7 

13.8 

8,1 

14.2 

10.2 

10.7 

12.9 

15.6 

15.6 

14.4 

.7 

9.1 

J-Inc 

Ludes  RRC  8A  prior  to   1953. 

^RRC 

8A  se] 

jai 

ratec 

1 

Erom 

RRC  8 

in  195 

3. 

Source:  Percentages  calculated  from  data  published  by  the  American  Petroleum  Institute. 
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